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METHODS OF REGULATING METABOLISM AND MITOCHONDRIAL FUNCTION 
BACKGROUND OF THE INVENTION 

Type 2 diabetes (DM2) affects an estimated 1 10 million people worldwide and is a 
major contributor to atherosclerotic vascular disease, blindness, amputation, and kidney 
failure. Defects in insulin secretion are observed early in patients with MODY, a monogenic 
form of type 2 diabetes; insulin resistance at tissues such as skeletal muscle is a cardinal 
feature of patients with fully developed DM2. Many molecular pathways have been 
implicated in the disease process: beta-cell development, insulin receptor signaling, 
carbohydrate production and utilization, mitochondrial metabolism, fatty acid oxidation, 
cytokine signaling, adipogenesis, adrenergic signaling, and others. It remains unclear, 
however, which of these or other pathways are disturbed in, and might be responsible for, 
DM2 in its common form. 

Therefore, a need remains to identify the molecular pathways implicated in the 
disease process and to develop new tools and assays to identify therapeutics for the treatment 
of diabetes. 



SUMMARY OF THE INVENTION 

One aspect of the invention provides a method of modulating a biological response ir 
a cell, the method comprising contacting the cell with at least one agent that modulates the 
expression or activity of Erra or Gabp, wherein the biological response is (a) expression of 
at least one OXPHOS gene; (b) mitochondrial biogenesis; (c) expression of Nuclear 
Respiratory Factor 1 (NRF-1); (d) /S-oxidation of fatty acids; (e) total mitochondrial 
respiration; (f) uncoupled respiration; (g) mitochondrial DNA replication; (h) expression of 
mitochondrial enzymes; or ©skeletal muscle fiber-type switching. 

Another aspect of the invention provides a method of deterniining if an agent is a 
potential agent for the treatment of a disorder that is characterized by glucose intolerance, 
insulin resistance or reduced mitochondrial function, the method comprising determining if 
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the agent increases: (i) the expression or activity of Erra or Gabp in a cell; or (ii) the 
formation of a complex between a PGC-1 polypeptide and (1) an Erra polypeptide; or (2) a 
Gabp polypeptide; wherein an agent that increases (i) or (ii) is a potential target for the 
treatment of the disorder. 



The invention also provides a method of identifying an agent that modulates a 
biological response, the method comprising (a) contacting, in the presence of the agent, a 
PGC-1 polypeptide and an (i) Erra polypeptide, or (ii) a Gabp polypeptide, under conditions 
which allow the formation of a complex between the PGC-1 polypeptide and (i) the Erra 
polypeptide, or (ii) the Gabp polypeptide; and (b) detecting the presence of the complex; 
wherein an agent that modulates the biological response is identified if the agent increases or 
decreases the formation of the complex, and wherein the biological response is (a) 
expression of at least one OXPHOS gene; (b) mitochondrial biogenesis; (c) expression of 
Nuclear Respiratory Factor 1 (NRF-1); (d) ^-oxidation of fatty acids; (e) total mitochondrial 
respiration; (f) uncoupled respiration; (g) mitochondrial DNA replication; (h) expression of 
mitochondrial enzymes; or (i) skeletal muscle fiber-type switching. 

Additionally, the invention provides a method of treating or preventing a disorder 
characterized by reduced mitochondrial function, glucose intolerance, or insulin intolerance 
in a subject, the method comprising administering to the subject a therapeutically effective 
amount of an agent which (i) increases the expression or activity of Erra or Gabp or both; or 
(ii) increases the formation of a complex between a PGC-1 polypeptide and (a) an Erra 
polypeptide; (b) a Gabp polypeptide; or both; or (iii) binds to an (a) Erra binding site, or to a 
(b) Gabpa binding site, and which increases transcription of at least one gene in the subject, 
said gene having an Erra binding site, a Gabpa binding site, or both. 



;a 



Yet another aspect of the invention provides a method of treating or preventing : 
disorder characterized by reduced mitochondrial function, glucose intolerance, or insulin 
intolerance in a subject, the method comprising administering to the subject a therapeutically 
effective amount of an agent which increases the expression or activity of a gene, wherein 
the gene has an Erra binding site or a Gapba binding site. 



The invention also provides a method of reducing the metabolic rate of a subject 
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need thereof, the method comprising administering to the subject a therapeutically effective 
amount of an agent which decreases the expression or activity of at least one of the following 
(i) Erra; (ii) Gabpa; (iii) a gene having an Erra binding site, a Gabpa binding site, or both; or 
(iv) a transcriptional activator which binds to an Erra binding site or to a Gabpa binding site; 
thereby reducing the metabolic rate of the patient. 



• a 
or 

:one 



The invention further provides a method of identifying a susceptibility locus for 
disorder that is characterized by reduced mitochondrial function, glucose intolerance, 
insulin intolerance in a subject, the method comprising (i) identifying at least 
polymorphisms in a gene, or linked to a gene, wherein the gene (a) has an Erra binding site, a 
Gabpa binding site, or both; or (b) is Erra, Gabpa, or Gabpb; (ii) determining if at least one 
polymorphism is associated with the incidence of the disorder, wherein if a polymorphism is 
associated with the incidence of the disorder then the gene having the polymorphism, or the 
gene to which the polymorphism is linked, is a susceptibility locus. 

A related aspect of the invention provides a method of determining if a subject is at 
risk of developing a disorder which is characterized by reduced mitochondrial function, the 
method comprising determining if a gene from the subject contains a mutation which reduces 
the function of the gene, wherein the gene has an Erra binding site, a Gapba binding site, or 
both, wherein if a gene from the subject contains a mutation then the subject is at risk of' 
developing the disorder. 



Yet another aspect of the invention provides a method of identifying a transcriptional 
regulator having differential activity between an experimental cell and a control cell, the 
method comprising (i) determining the level of gene expression of at least two genes in the 
experimental cell and in the control cell; (ii) ranking genes according to a difference metric of 
their expression level in the experimental cell compared to the control cell; (iii) identifying a 
subset of genes, wherein each gene in the subset contains the same DNA sequence motif; (iv) 
testing using a nonparametric statistic if the subset of genes are enriched at either the top'or 
the bottom of the ranking; (v) optionally reiterating steps (ii)-(iii) for additional motifs; (vi) 
for a subset of genes that is enriched, identifying a transcriptional regulator which binds to a 
DNA sequence motif that is contained in the subset of genes; thereby identifying a 
transcriptional regulator having differential activity between two cells. 
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An additional aspect of the invention provides a method of treating impaired glucose 
tolerance in an individual in need thereof, the method comprising administering to the 
individual a therapeutically effective amount of an agent which increases the expression level 
of at least two OXPHOS-CR genes, thereby treating impaired glucose tolerance in the 
individual. A related aspect provides a method of treating obesity in an individual, 
comprising administering to the individual a therapeutically effective amount of an agent 
which increases the expression level of at least two OSPHOS-CR genes, thereby treating 
obesity in the individual. 



One aspect of the invention provides a method of detecting statistically-significant 
differences in the expression level of at least one biomarker belonging to a biomarker set, 
between the members of a first and of a second experimental group, comprising: (a) 
obtaining a biomarker sample from members of the first and the second experimental groups; 
(b) determining, for each biomarker sample, the expression levels of at least one biomarker ' 
belonging to the biomarker set and of at least one biomarker not belonging to the set; (c) 
generating a rank order of each biomarker according to a difference metric of its expression 
level in the first experimental group compared to the second experimental group; (d) 
calculating an experimental enrichment score for the biomarker set by applying a non 
parametric statistic; and (e) comparing the experimental enrichment score with a distribution 
of randomized enrichment scores to calculate the fraction of randomized enrichment scores 
greater than the experimental enrichment score, wherein a low fraction indicates a 
statistically-significant difference in the expression level of the biomarker set, between the 
members of a first and of a second experimental group, hi one embodiment, the distribution 
of randomized enrichment scores is generated by (i) randomly permutating the assignment 
of each biomarker sample to the first or to the second experimental group; (ii) generating a 
rank order of each biomarker according to the absolute value of a difference metric of its 
expression level in the first experimental group compared to the second experimental group; 
(iii) calculating an experimental enrichment score for the biomarker set by applying a non 
parametric statistic to the rank order; and (iv) repeating steps (i), (ii) and (iii) a number of 
times sufficient to generate the distribution of randomized enrichment scores. 

In addition, the invention provides a method of identifying an agent that regulates 
expression of OXPHOS-CR genes, the method comprising (a) contacting (i) an agent to be 
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assessed for its ability to regulate expression of OXPHOS-CR genes with (ii) a test cell; and 
(b) determining whether the expression of at least two OXPHOS-CR gene products show a 
coordinate change in the test cell compared to an appropriate control, wherein a coordinate 
change in the expression of the OXPHOS-CR gene products indicates that the agent regulates 
the expression levels of OXPHOS-CR genes. In one embodiment, the OXPHOS-CR genes 
are selected from the group consisting of NDUFB3, SDHA, NDUFA8, COX7A1 UQCRC1 
NDUFC1, NDUFS2, ATP50, NDUFS3, SDHB, NDUFS5, NDUFB6, COX5B CYC1 
NDUFA7, UQCRB, COX7B, ATP5L, COX7C, NDUFA5, GRIM19, ATP5J, COX6A2 
NDUFB5, CYCS, NDUFA2 and HSPC051. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic overview of an embodiment of gene set enrichment 
analysis (GSEA). The goal of GSEA is to determine whether any a priori denned gene sets 
(step 1) are enriched at the top of list of genes ordered on the basis of expression difference 
between two classes (e.g. , high in NOT vs. DM2). Genes, R u . . .R N , m rank ordered on fce 
basis of expression difference (step 2) using an appropriate difference measure (e.g., signal to 
noise ratio (SNR), see Methods). To determine whether the G members of a gene set S are 
enriched at the top of this list (step 3), aKolmogorov-Smirnov (K-S) running sum statistic is 
computed: beginning with the top ranking gene, the running sum increases when a gene 
annotated to be a member of gene set S is encountered, and decreases otherwise The 
enrichment score (ES) for a single gene set is defined as the greatest positive deviation of the 
running sum across all N genes. When many members of S appear at the top of the list, ES is 
high. The enrichment score is computed for every gene set using actual data, and the 
maximum ES (MES) achieved is recorded (step 4). To determine whether one or more of the 
gene sets are enriched in one diagnostic class relative to the other (step 5), the entire 
procedure (steps 2-4) is repeated 1000 times, using permuted diagnostic assignments and 
building a histogram of the maximum ES achieved by any pathway in a given permutation 
The MES achieved using the actual data is then compared to this histogram (step 6 red 
arrow), providing us with a global P-value for assessing whether any gene set is associated 
with the diagnostic categorization. 

Figure 2 shows that OXPHOS gene expression is reduced in diabetic muscle (a) The 
mean expression of all genes (gray) and for OXPHOS genes (red) is plotted for DM2 vs. 
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NGT individuals, (b) Histogram of mean gene expression level differences between NGT 
and DM2, using the data from (b), for all genes (black) and for OXPHOS genes (red). 

Figure 3 shows that OXPHOS-CR represents a co-regulated subset of OXPHOS 
genes responsive to the transcriptional co-activator PGC-la (a) Normalized expression 
profile of 52 mouse homologs of the human OXPHOS genes across the mouse expression 
atleas (Su, A.I. et al. Proc Natl Acad Sci USA 99, 4465-70. (2002)). These 52 genes were 
hierarchically clustered (Eisen et al. Proc Natl Acad Sci USA 95, 14863-8. (1998)). The 
purple tree corresponds to a sub-cluster with a correlation coefficient of 0.65. Applicants call 
the human homologs of these mouse genes the OXPHOS-CR set. The human homologs of 
this tightly coregulated cluster, marked wim an * and delimited with a yellow box, are: 
ATP5J, ATP5L. ATP50, COX5B, COX6A2, COX7A1, COX7B, COX7Q CYC1, CYCS, 
GRIM19, HSPC051, NDUFA2, NDUFA5. NDUFA7, NDUFA8, NDUFB3, NDUFB5 
NDUFB6, NDUFC1, NDUFS2, NDUFS3, NDUFS5, SDHA, SDHB, UQCKB, UQCRC1 (b) 
Normalized expression profile of OXPHOS mouse homologs in a mouse skeletal muscle cell 
line during a three-day time course in response to PGC-la The expression profile includes 
infection with control (GFP) or with PGC-la, at day 0 (prior to infection) as well as on days 
1, 2, and 3 following adenoviral infection, all performed in duplicate. 

Figure 4 shows that OXPHOS-CR accounts for the bulk of OXPHOS signal seen in 
NGT vs. DM2. Histogram of signalmoise ratio for (a) All 10,983 human genes meeting the 
clipping and filtering criteria in the GSEA enrichment screen between NGT and DM2, (b) 
106 OXPHOS genes meeting these clipping and filtering criteria, (c) 47 OXPHOS genes for 
which reliable mouse homologs are available in the mouse microarray, (d) OXPHOS-CR 
genes, and (e) OXPHOS genes but not in the OXPHOS-CR set. 

Figure 5 shows that OXPHOS-CR predicts total body aerobic capacity (V02max). 
(a) Linear regression was used to model V02max with diabetes status, the mean centroid of 
OXPHOS-CR gene expression, ubiquinol cytochrome c reductase binding protein (UQCRB) 
expression, or in combination as explanatory (predictor) variables. The explanatory power 
and significance of the model are shown in the table, (b) Linear regression of V02max 
against the mean centroid of OXPHOS-CR gene expression. 

Figure 6 shows previously known and newly identified mitochondrial proteins (mito- 
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P). (A) Proteomic survey of mitochondria from mouse brain, heart, kidney, and liver 
resulted in the identification of 422 proteins, 262 of which were previously annotated as 
being mitochondrial. The distributions for (B) molecular weight, (C) isoelectric point, (D) 
mitochondrial compartments are plotted for proteins detected (pink) or not detected (blue) by 
our proteomic survey. Isolectric point, molecular weight, and subcellular distribution data 
came from the MITOchondria Project (MITOP, (Scharfe et al., 2000)). (E) Cumulative 
distribution ofmRNA abundance for those genes whose protein product was detected (pink) 
or not detected (blue) by proteomics. The median expression levels for both groups are 
indicated. The cumulative distribution function for the proteins detected in proteomics is 
significantly greater than the cumulative distribution function for proteins not detected 
(Kolmogorov-Smirnov statistic, D=0.3618, P=9.4xl0-18). 

Figure 7 shows modules of tightly co-regulated mito-P genes. Pairwise correlation 
matrix for the 388 mitochondrial genes present in the GNF mouse tissue compendium. Red 
represents strong positive correlation, blue represents strong negative correlation. Dominant 
gene modules are labeled 1-7 with functional annotations. 

Figure 8 shows the mRNA expression profile for 388 mitochondrial genes (rows) 
across 47 different mouse tissues (columns) in the GNF mouse expression atlas (Su et al., 
2002). These genes and tissues were hierarchically clustered and visualized using DCHIP 
(Schadt et al., 2001). Key tissues showing high expression levels are labeled at the top of the 
panel. Evidence for being in mito-P is indicated by the white (previously known but not 
found in proteomics), gray (previously known and found in proteomics), and black (not 
previously known but found in proteomics) bars placed to the right of the correlogram. 

Figure 9 shows mitochondria neighborhood analysis. The mitochondria 
neighborhood index (Moo) is defined as the number of mito-P genes that occur within the 
nearest 100 expression neighbors of a given gene. The distribution of N m is plotted for all 
genes (white), mito-P genes (gray), and for the ancestral mito-P genes (black). 

Figure 10 shows a schematic overview of motifADE and application to the PGC-la 
timecourse. (A) motifADE identifies motifs associated with differential expression. It begins 
with a list of genes ordered on the basis of differential expression across two conditions. Each 
gene is then annotated for the presence of a given motif in the promoter region. A 



-7- 



WO 2005/003766 

PCT7US2004/019017 



on 



nonparametric statistic is used to assess whether genes with the motif tend to rank high . 
this list (see Methods). In this example, genes with Motif 1 are randomly distributed on the 
list, while genes with Motif 2 tend to rank high, suggesting an association between Motif 2 
and the differential expression. (B) C2C12 cells were infected with an adenovirus expressing 
either GFP (control) or with PGC-la and profiled over a three day period. Experiments were 
performed in duplicate and relative gene expression measures are shown. Genes are ranked 
according to the difference in expression between PGC-la and GFP on day 3. Mouse genes 
having a perfect Erra motif (5'-TGACCTTG-3'), a perfect Gabpa/b motif (5'-CTTCCG-3'), 
or both motifs are labeled with a black bar on the right side of the correlogram. 
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Figure 1 1 shows a proposed model of mechanism of action of PGC-la. PGC-la 
highly regulated gene that responds to external stimuli, e.g., reduced in diabetes and 
increased following exercise. When PGC-la levels rise, the expression of Erra and Gabpa are 
immediately induced via a double positive feedback loop. This results in the strong induction 
of Erra as well as Gabpa. These levels rise and over the course of 2-3 days, these factors 
couple with PGC-la to induce the expression of NRF-1 as well as hundreds of downstream 
targets, such as OXPHOS and other mitochondrial genes. 

Figure 12 shows cooperativity between the Erra and Gabpa binding sites. All 5034 
genes from motifADE analysis are rank ordered on the basis of expression difference (signal 
to noise ratio) on day 3 between cells treated with PGC-la vs. GFP. The cumulative fraction 
of genes with a specified motif (Erra, blue; Gabpa, pink; both, black) is plotted as a function 
of fractional rank ordering of all 5034 genes. 

DETAILED DESCRIPTION OF THE INVENTION 
I. Overview 

The invention broadly relates to novel therapeutics for regulating metabolism, 
mitochondrial function, and for treating disorders, including obesity and type 2 diabetes, and 
to related methods. The invention stems, in part, from the discovery by applicants of a new 
group of coordinately-regulated genes, termed OXPHOS, which are involved in oxidative 
phosphorylation. OXPHOS-CR genes have the following key characteristics: (a) they are 
members of oxidative phosphorylation; (b) they are transcriptionally co-regulated and highly 
expressed at the major sites of insulin mediated glucose uptake (brown fat, heart, skeletal 
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muscle); ( c ) they are targets of the transcriptional co-activator PPARGC1 (PGC-la); (d) they 
show a subtle but extremely consistent expression decrease in diabetic and pre-diabetic 
muscle; and (e) their expression predicts total body aerobic capacity in humans. 

Applicant have discovered that OXPHOS genes are downregulated in subjects 
afflicted with type 2 diabetes or with glucose intolerance and that Peroxisome Proliferator- 
Activated Receptor reactivator -la (PGC-la) transcriptionally regulates the OXPHOS 
genes. Applicants have also discovered that PGC-la acts through Erra and Gabp to regulate 
OXPHOS gene expression. Such discoveries provide the basis for novel assays and methods 
of treatment relating to the genes and disorders. 

The invention provides, in part, methods of modulating mitochondrial function 
expression of the OXPHOS genes, mitochondrial biogenesis, expression of Nuclear 
Respiratory Factor 1 (NRF-1). /^-oxidation of fatty acids, total mitochondrial respiration 
uncoupled respiration, mitochondrial DNA replication, or expression of mitochondrial 
enzymes, by modulating the expression or activity of Erra, Gabpa, Gabpb or of genes 
containing Erra binding sites, Gabpa binding sites, or both. Modulation of these biological 
activities may be carried out in a cell, such as contacting a cell with an agent, or in a subject 
m need thereof. The invention further provides agents for treating these disorders and for 
modulating Erra, Gabp and PGC-1 function. 

A related aspect of the invention provides a method of identifying agents useful for 
treating disorders related to altered glucose homeostasis, insulin resistance or reduced 
mitochondrial function. Furthermore, the invention provides methods of diagnosing such 
disorders or of identifying subjects at risk of developing the disorders. 

The invention also provides cell-based methods of identifying agents which modulate 
the expression of OXPHOS genes. Since applicants have discovered that PGC-la, Erra and 
Gabp regulate the expression of level of OXPHOS genes, such methods are useful in 
identifying agents which regulate the expression or activity of PGC-la, Erra and Gabp 
Furthermore, expression of OXPHOS genes may be used to predict total body aerobic 
capacity in humans and other mammals. 

Another aspect of the invention provides a method of detecting statistically-significant 
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differences in the expression level of at least one biomarker belonging to a biomarker set, 
between the members of a first and of a second experimental group. Such a method may be 
applied, for example, to identify biomarker sets which are differentially expressed in an 
experimental group afflicted with a disorder, even when the changes in expression between 
the two groups are very subtle. Biomarker sets identified using the methods described herein 
maybe used in the development of diagnostic tools and treatments for the disorder for which 
they are associated. A related aspect of the invention provides methods of identifying 
transcriptional regulators which display differential activity between two sets of conditions. 
Such methods may be applied to the bio markers identified using the related methods 
provided herein, and may be useful in identifying disease genes and targets for novel 
therapeutics to treat or prevent disease. 

n. Definitions 

For convenience, certain terms employed in the specification, examples, and 
appended claims, are collected here. Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly understood by one of ordinary skill 
in the art to which this invention belongs. 

The term "expression vector" and equivalent terms are used herein to mean a vector 
which is capable of inducing the expression of DNA that has been cloned into it after 
transformation into a host cell. The cloned DNA is usually placed under the control of (i.e., 
operably linked to) certain regulatory sequences such a promoters or enhancers. Promoters' 
sequences maybe constitutive, inducible or repressible. 

The term "operably linked" is used herein to mean molecular elements that are 
positioned in such a manner that enables them to carry out their normal functions. For 
example, a gene is operably linked to a promoter when its transcription is under the control, of 
the promoter and, if the gene encodes a protein, such transcription produces the protein 
normally encoded by the gene. For example, a binding site for a transcriptional regulator is 
said to be operably linked to a promoter when transcription from the promoter is regulated by 
protein(s) binding to the binding site. Likewise, two protein domains are said to be operably 
linked in a protein when both domains are able to perform their normal functions. 

The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at 
least one) of the grammatical object of the article. By way of example, "an element" means 
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The term "including" is used herein to mean, and is used interchangeably with, the 
phrase "including but not limited to". 

The term "or" is used herein to mean, and is used interchangeably with, the term 
"and/or," unless context clearly indicates otherwise. 



The term "such as" is used herein to mean, and is used interchangeably, with the 
phrase "such as but not limited to". 

A "patient" or "subject" to be treated by the method of the invention can mean either a 
human or non-human animal, preferably a mammal. 

The term "encoding" comprises an RNA product resulting from transcription of a 
DNA molecule, a protein resulting from the translation of an RNA molecule, or a protein 
resulting from the transcription of a DNA molecule and the subsequent translation of the 
RNA product. 



The term "promoter" is used herein to mean a DNA sequence that initiates the 
transcription of a gene. Promoters are typically found 5' to the gene and located proximal to 
the start codon. If a promoter is of the inducible type, then the rate of transcription increases 
m response to an inducer. Promoters may be operably linked to DNA binding elements that 
serve as binding sites for transcriptional regulators. The term "mammalian promoter" is used 
herein to mean promoters that are active in mammalian cells. Similarly, "prokaryotic 
promoter" refers to promoters active in prokaryotic cells. 

The term "expression" is used herein to mean the process by which a polypeptide is 
produced from DNA. The process involves the transcription of the gene into mRNA and the 
translation of this mRNA into a polypeptide. Depending on the context in which used 
"expression" may refer to the production of RNA, protein or both. 

The term "recombinant" is used herein to mean any nucleic acid comprising 
sequences which are not adjacent in nature. A recombinant nucleic acid may be generated in 
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vitro, for example by using the methods of molecular biology, or in vivo, for example by 
insertion of a nucleic acid at a novel chromosomal location by homologous or non- 
homologous recombination. 



The term "transcriptional regulator" refers to a biochemical element that acts to 
prevent or inhibit the transcription of a promoter-driven DNA sequence under certain 
environmental conditions (e.g., a repressor or nuclear inhibitory protein), or to permit or 
stimulate the transcription of the promoter-driven DNA sequence under certain 
environmental conditions (e.g., an inducer or an enhancer). 

The term "microarray" refers to an array of distinct polynucleotides or 
oligonucleotides synthesized on a substrate, such as paper, nylon or other type of membrane, 
filter, chip, glass slide, or any other suitable solid support. 

The terms "disorders" and "diseases" are used inclusively and refer to any deviation 
from the normal structure or function of any part, organ or system of the body (or any 
combination thereof). A specific disease is manifested by characteristic symptoms and signs 
includmg biological, chemical and physical changes, and is often associated with a variety of 
other factors including, but not limited to, demographic, environmental, employment, genetic 
and medically historical factors. Certain characteristic signs, symptoms, and related factors 
can be quantitated through a variety of methods to yield important diagnostic information. 

The terms "level of expression of a gene in a cell" or "gene expression level" refer to 
the level ofmRNA, as well as pre-mRNA nascent transcript(s), transcript processing 
intermediates, mature mRNA(s) and degradation products, encoded by the gene in the cell. 

The term "modulation" refers to upregulation (i.e., activation or stimulation) 
deregulation (i.e., inhibition or suppression) of a response, or the two in combination or 
apart. A "modulator" is a compound or molecule that modulates, and may be, e.g., an agonist, 
antagonist, activator, stimulator, suppressor, or inhibitor. 

The term "prophylactic" or "therapeutic" treatment refers to administration to the 
subject of one or more of the subject compositions. If it is administered prior to clinical 
manifestation of the unwanted condition (e.g., disease or other unwanted state of the host 



-12- 



WO 2005/003766 

PCT/US2004/019017 

animal) then the treatment is prophylactic, i.e., it protects the host against developing the 
unwanted condition, whereas if administered after manifestation of the unwanted condition, 
the treatment is therapeutic (i.e., it is intended to diminish, ameliorate or maintain the existing 
unwanted condition or side effects therefrom). 

The term "therapeutic effect" refers to a local or systemic effect in animals 
particularly mammals, and more particularly humans caused by a pharmacologically active 
substance. The term thus means any substance intended for use in the diagnosis, cure 
mitigation, treatment or prevention of disease or in the enhancement of desirable physical or 
mental development and conditions in an animal or human. The phrase "therapeutically- 
effective amount" means that amount of such a substance that produces some desired local or 
systenuc effect at a reasonable benefit/risk ratio applicable to any treatment. In certain 
embodiments, a therapeuticaUy-effective amount of a compound will depend on its 
therapeutic index, solubility, and the like. For example, certain compounds discovered by the 
methods of the present invention may be administered in a sufficient amount to produce a 
reasonable benefit/risk ratio applicable to such treatment. 

The term "improving mitochondrial function" may refer to (a) substantially (eg ina 
statistically significant manner, and preferably in a manner that promotes a statistically ' 
significant improvement of a clinical parameter such as prognosis, clinical score or outcome) 
restoring to a normal level at least one indicator of glucose responsiveness in cells having 
reduced glucose responsiveness and reduced mitochondrial mass and/or impaired 
mitochondrial function; or (b) substantially (e.g., hi a statistically significant manner, and 
preferably m a manner that promotes a statistically significant improvement of a clinical 
parameter such as prognosis, clinical score or outcome) restoring to a normal level or 
increasing to a level above and beyond normal levels, at least one indicator of mitochondrial 
function in cells having impaired mitochondrial function or in cells having normal 
mitochondrial function, respectively. Improved or altered mitochondrial function may result 
from changes in extra-mitochondrial structures or events, as well as from mitochondrial 
structures or events, in direct interactions between mitochondrial and extra-mitochondrial 
genes and/or their gene products, or in structural or functional changes that occur as the result 
of interactions between intermediates that may be formed as the result of such interactions 
including metabolites, catabolites, substrates, precursors, cofactors and the like 
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The term "effective amount" refers to the amount of a therapeutic reagent that when 
administered to a subject by an appropriate dose and regime produces the desired result. 

The term "subject in need of treatment for a disorder" is a subject diagnosed with that 
disorder or suspected of having that disorder. 

The term "metabolic disorder" refers to a disorder, disease or condition which is 
caused or characterized by an abnormal metabolism (i.e., the chemical changes in living cells 
by which energy is provided for vital processes and activities) in a subject. Metabolic 
disorders include diseases, disorders, or conditions associated with aberrant thermogenesis or 
aberrant adipose cell (e.g., brown or white adipose cell) content or function. Metabolic 
disorders can detrimentally affect cellular functions such as cellular proliferation, growth, 
differentiation, or migration, cellular regulation of homeostasis, inter- or intra-cellular 
communication; tissue function, such as liver function, muscle function, or adipocyte 
function; systemic responses in an organism, such as hormonal responses (e.g., insulin 
response). Examples of metabolic disorders include obesity, diabetes, hyperphagia, 
hypophagia, endocrine abnormalities, triglyceride storage disease, Bardet-Biedl syndrome 
Lawrence-Moon syndrome, Prader-Labhart-Willi syndrome, Kearns-Sayre syndrome 
anorexia, medium chain acyl-CoA dehydrogenase deficiency, and cachexia. Obesity is 
defined as a body mass index (BMI) of 30 kg/ 2 m or more (National Institute of Health, 
Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight ana 
Obesity in Adults (1998)). However, the present invention is also intended to include a 
disease, disorder, or condition that is characterized by a body mass index (BMI) of 25 kg/ 2 m 
or more, 26 kg/ 2 m or more, 27 kg/ 2 m or more, 28 kg/ 2 m or more, 29 kg/ 2 m or more 29 5 
kg/ 2 m or more, or 29.9 kg/ 2 m or more, all of which are typically referred to as overweight 
(National Institute of Health, Clinical Guidelines on the Identification, Evaluation, and 
Treatment of Overweight and Obesity in Adults (1 998)). 

A "susceptibility locus" for a particular disease is a sequence or gene locus implicated 
m the mmation or progression of the disease. The susceptibility locus can be, for example a 
gene or a microsatellite repeat, as identified by a microsatelUte marker, or can be identified 
by a defined single nucleotide polymorphism. Generally, susceptibility genes implicated in 
specific diseases and their loci can be found in scientific publications, but may also be 
determined experimentally. 



-14- 



WO 2005/003766 



PCT/US2004/019017 



embod^ I° abP P ° lyPePtide " COmPtiSeS Gabpa "* preferred 
embodiments of «he methods described hereia , „. Gabpa ^ J 

p also Known as E4TF1-53 m the art, while Gabpb is also known as E4TF1-60 
Addition* assays to those described herein for assaying the transcriptional activity of Gabpa 

1391 ,993), Sawada, J. et al J. Biol. Chen, 274 (50), 35475-35482 (1999); Suzuki F et al 
lot"! (45)> 29302 - 293 ° 8 (1 " 8>; C "" * Acids L 24 24) 

err? *■* setaiMoL cen - Bi ° L 15 »«» °*» -BrT; 

392 9^7 ^ (I5X I853 " 1865 (1 " 4); J * ' (3), 330- 

392 (1993)), the teachmgs of which are incorporated by referenced herein. 

The term «PGC-1 polypeptide" comprises PGC-la and PGC-,b polypeptides to 
preferred embodiments of.be metirods described herein, «he PGC-la and PG^ 
polypeptides m mammalian polypeptides, preferably human. The amino acid sequences of 
Wn PGC-la and PGC-lb are deposiled as Genbank Accession N os. MP 57357^ ^ 
AF453324, respechve.y. Additional assays ,o those described herein for assaying the 
ti^scnptional activity of Gabpa and Gabpb, and additiona. isoforms of these subunits may 
b.^dm*ear, ( H.s,,M.,e,a 1 .Bio,.Chem. 277(43), 40265-40274(2002);^ 
D.,etal. J. Biol. Chem. 277 (16), 13918-13925 (2002); Lin, J., et al. J Biol Chem ml 
--^liaMl^^V^^,,^ 
(2002)), (he teachmgs of which are incorporated byreferenced herein. 

preferreu" 6 " aP «< te " Brr« polypeptides ffcm any species, hr some 

polypeptide, preferabiy a human polypeptide. The sequence of human E™ corresponds to 
Genbank Accession No. NP_004442. Additiona, isofo™ ofEmx and metiiods for assaying 
BTaachv.^areknownin,hear,e.g. S chreiber,S.N.,e,aI. J.Bio, Chem 278,111 JT 
9018(2003); Igarashi, M., et al. J. Gen. VtaL 84 (Pt 2) 319-327 MoT I \ f 
J. BioL Chem. 277 (27), 24826-24834 (2002V V I r , % ' * ^ 

2435 (,998V Sladek > 7 ^ V ^ te r, J.M., Oncogene 17 (19), 2429- 

2435(1998), Sladek, R.,et a,. Genomics 45 (2), 320-326 (1997); Sladek, R., et al Mol 
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Cell. Biol. 17 (9), 5400-5409 (1997); Shi, H., et al. Genomics 44 (1), 52-60 (1997); Yang 
N, et al. J. Biol. Chem. 271 (10), 5795-5804 (1996); Giguere, V et al. Nature 331 (6151),' 
91-94 (1988); Eiler, S., et al Protein Expr. Purif. 22 (2), 165-173 (2001), the teachings of 
which are incorporated by referenced herein. 

The term "nuclear hormone receptors" comprises comprise a large, well-defined 
family of hgand-activated transcription factors which modify the expression of target genes 
by binding to specific cis-acting sequences (Laudet et al., 1992, EMBO J, Vol, 1003-1013; 
Lopes da Silva et al., 1995, TINS 18, 542-548; Mangelsdorfet al., 1995, Cell 83 835-839-' 
Mangelsdorf et al., 1995, Cell 83, 841-850). Family members include both orphan receptors 
and receptors for a wide variety of clinically significant ligands including steroids, vitamin D, 
thyroid hormones, retinoic acid, etc. Additional receptors may be found in the literature (See 
for example The Nuclear Receptor FactsBook; Vincent Laudet (Editor); Elsevier Science & 
Technology, 2001). 

The term "antibody" as used herein is intended to include whole antibodies, e.g., of 
any isotype (IgG, IgA, IgM, IgE, etc), and includes fragments thereof which are also 
specifically reactive with a vertebrate, e.g., mammalian, protein. Antibodies can be 
fragmented using conventional techniques and the fragments screened for utility and/or ' 
interaction with a specific epitope of interest. Thus, the term includes segments of 
proteolytically-cleaved or recombinantly-prepared portions of an antibody molecule that are 
capable of selectively reacting with a certain protein. Non-limiting examples of such 
proteolytic and/or recombinant fragments include Fab, F(ab')2, Fab' , Fv, and single chain 
antibodies (scFv) containing a V[L] and/or V[H] domain joined by a peptide linker. The 
scFv's may be covalently or non-covalently linked to form antibodies having two or more 
binding sites. The term antibody also includes polyclonal, monoclonal, or other purified 
preparations of antibodies and recombinant antibodies. 

The term "recombinant" as used in reference to a nucleic acid indicates any nucleic 
acid that is positioned adjacent to one or more nucleic acid sequences that it is not found 
adjacent to in nature. A recombinant nucleic acid may be generated in vitro, for example by 
using the methods of molecular biology, or in vivo, for example by insertion of a nucleic acid 
at a novel chromosomal location by homologous or non-homologous recombination. The 
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tenn Recombinant" as used in reference to a polypeptide indicates any polypeptide that is 
produced by expression and translation of a recombinant nucleic acid. 

The following terms are used to describe the sequence relationships between two or 
more polynucleotides: "reference sequence," "comparison window," "sequence identity " 
"percentage of sequence identity," and "substantial identity." A reference sequence is a 
defined sequence used as a basis for a sequence comparison; a reference sequence can be a 
subset of a larger sequence, for example, as a segment of a fall length cDNA or gene 
sequence given in a sequence listing, or may comprise a complete cDNA or gene sequence 
Generally, a reference sequence is at least 20 nucleotides in length, frequently at least 25 
nucleotides in length, and often at least 50 nucleotides in length. Since two polynucleotides 
can each (1) comprise a sequence (for example a portion of the complete polynucleotide 
sequence) that is similar between the two polynucleotides, and (2) may further comprise a 
sequence that is divergent between the two polynucleotides, sequence comparisons between 
two (or more) polynucleotides are typically performed by comparing sequences of the two 
polynucleotides over a "comparison window" to identify and compare local regions of 
sequence similarity. A comparison window, as used herein, refers to a conceptual segment of 
at least 20 contiguous nucleotide positions wherein a polynucleotide sequence maybe 
compared to a reference sequence of at least 20 contiguous nucleotides and wherein the 
portion of the polynucleotide sequence in the comparison window can comprise additions and 
deletions (for example, gaps) of 20 percent or less as compared to the reference sequence 
(which would not comprise additions or deletions) for optimal alignment of the two 
sequences. Optimal alignment of sequences for aligning a comparison window can be 
conducted by the local identity algorithm (Smith and Waterman, Adv. Appl. Math., 2:482 
(1981)), by the identity alignment algorithm (Needleman and Wunsch, J. Mol. Bio., 48-443 
(1970)), by the search for similarity method (Pearson and Lipman, Proc. Natl. Acid Sci 
U.S.A. 85:2444 (1988)), by the computerized implementations of these algorithms such as 
GAP, BESTFIT, PASTA and TFASTA (Wisconsin Genetics Software Page Release 7 0 
Genetics Computer Group, Madison, Wis.), or by inspection. Preferably, the best alignment 
(for example, the result having the highest percentage of identity over the comparison 
window) generated by the various methods is selected. 

The term "diagnostic" refers to assays that provide results which can be used by one 
skilled m the art, typically in combination with results from other assays, to determine if an 
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individual is suffering from a disease or disorder of interest sueh as diabetes, including type I 
and type H, whereas the term "prognose refers to toe use of such assays to evaluate the 
response of an individual having such a disease or disorder to therapeutic or prophylactic 
treatment. The term "pharmacogenetic" refers to the use of assays to predict which individual 
patients m a group win best respond «„ a particular therapeutic or prophylactic composition or 
treatment. 

Other technical terms used herein have their ordinary meaning in the art that they are 
used, as exemplified by a variety of technical dictionaries, such as the McGraw-Hill 
Dictionary of Chemical Terms and the Stedman's Medical Dictionary. 

m ' Methods of Modulating Ri^-cal Resnnns^ .„ o r oll 

In one aspect, the invention provides methods of modulating biological responses in a 
cell. One specific aspect of the invention provides a method of modulating a biological 
response in a cell, the method comprising contacting the cell with at least one agent that 
modulates the expression or activity of Eire or Gabp, wherein the biological response is 
(a) expression of at least one OXPHOS gene; (b) mitochondrial biogenesis; 
(c) expression of Nuclear Respiratory Factor 1 (NRF-1); (d) /^oxidation of fatty acids- 
(e) total mitochondrial respiration; (f) uncoupled respiration; (g) mitochondrial DNA ' 
replication; (h) expression of mitochondrial enzymes; or (i) skeletal muscle fiber-type 
switching. 

In one embodiment of the methods described herein, the biological response that is 
modulated is the expression of at least one OXPHOS gene. OXPHOS genes have been 
described in Mootha et al., Nat Genet. 2003; 34(3):267-73, hereby incorporated by reference 
in its entirety. In one embodiment, the OXPHOS gene is NDUFB3, SDHA, NDUFA8 
COX7A1, UQCRC1, NDUFC1, NDUFS2, ATP50, NDUFS3, SDHB, NDTJFS5, NDUFB6 
COX5B, CYC1, NDUFA7, UQCRB, COX7B, ATP5L, COX7C, NDUFA5, GPJM19 ' 
ATP5J, COX6A2 NDUFB5, CYCS, NDUFA2 or HSPC051. 

In another embodiment of the methods described herein, the biological response that 
is modulated is mitochondrial biogenesis. U.S. Patent Publication No. 2002/0049176 
describes assays for determining mitochondrial mass, volume or number, and is hereby 
incorporated by reference in its entirety. 
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In another embodiment of the methods described herein, the biological response that 
is modulated is expression of Nuclear Respiratory Factor 1 (NRF-1). NRF-1 is a 
transcription factor occurring as a homodimer of a 54 KDa polypeptide encoded by the 
nuclear gene nrf-1 (Evans and Scarpulla, Genes & Development 4:1023-1034 (1990), 
Scarpulla, J. Bioenergetics and Biomembranes 29:109-1 19 (1997), Moyes et al J Exper 
Biol. 201:299-307 (1998)). NRF-1 binds to the upstream promoters of nuclear genes that 
encode respiratory components associated with mitochondrial transcription and replication 
NRF-1 can be any NRF-1, such as rat, mouseor human. NRF-1 nucleotide and polypeptide 
sequences are described in U.S. Patent Publication No. 20020049176, hereby incorporated by 
reference in its entirety. 

In another embodiment of the methods described herein, the biological response that 
xs modulated is /^-oxidation of fatty acids. In another embodiment of the methods described 
herein, the biological response that is modulated is total mitochondrial respiration. In another 
embodiment of the methods described herein, the biological response that is modulated 
uncoupled respiration. Uncoupled respiration occurs when electron transport is uncoupled 
from ATP synthesis 

In another embodiment of the methods described herein, the biological response that 
is modulated is mitochondrial DNA replication. Quantification of mitochondrial DNA 
(mtDNA) content may be accomplished by one with routine skill in the art using any of a 
variety of established techniques that are useful for this purpose, including but not limited to 
oligonucleotide probe hybridization or polymerase chain reaction (PCR) using 
oligonucleotide primers specific for mitochondrial DNA sequences (see, e.g., Miller et al 
1996 J. Neurochem. 67:1897; Fahy et al., 1997 Nucl. Ac. Res. 25:3102; U.S. patent 
application Ser. No. 09/098,079; Lee et al., 1998 Diabetes Res. Clin. Practice 42:161- Le e et 
al., 1997 Diabetes 46(suppl. 1): 175A). A particularly useful method is the primer extension 
assay disclosed by Fahy etal. (Nucl. Acids Res. 25:3102, 1997) and by Ghosh et al (Am J 
Hum. Genet. 58:325, 1996). Suitable hybridization conditions may be found in the cited 
references or may be varied according to the particular nucleic acid target and 
oligonucleotide probe selected, using methodologies well known to those having ordinary 
skill in the art (see, e.g., Ausubel et al., Current Protocols in Molecular Biology Greene 
Publishing, 1987; Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring 
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h another embodiment of the memods deseribed herein, the biological response mat 
" m ° dUlated k eXpreSsion enzymes. In one embodiment, mitoehondrial 

enzymes are Eleetron Transport Chain (ETC) enzymes. An ETC enzyme refers to any 
nntoehondrial moleoular component that is a mitochondrial enzyme component of the 
nutochondrial electron transport chain (ETC) complex associated with the inner 
mitochondrial membrane and mitochondrial matrix. An ETC enzyme may include any of me 
multiple ETC subunit polypeptides encoded by mitochondrial and nnctear genes. The ETC is 
typically described as comprising complex I (NADHmbiquinone reductase), complex n 
^uccmate dehydrogenase), complex m (ubiquinone: cytochrome e oxidoreductase), complex 
IV (cytochrome c oxidase) and complex V (mitochondrial ATP synthetase), where each 
complex Partes multiple polypeptides ami factors (for review see, e.g., Walker e« al., 
1995 UetHs. Br^l. 260:14; Ernster e. al., 1981 J. Cell Biol. 9.:227s-255s, and references 
cted therein). A mitochondrial enzyme of the present invention may also comprise a Krebs 
cycle enzyme, which inciudes mitochondrial molecular components that meoiate the series of 
btochemical/bioenergetic reactions also known as the citric acid cycle or the tricarboxylic 
acrd cycle (see, e.g„ Lehninger, Biochemistry, 1975 Worm Publishers, NY; Voet and Voet 
Btochemistry, 1990 John WUey & Sons, NY; Mathews and van Ho.de, Biochemistry, 199o' 
Benjamm Cummings, Memo Park, Calif.). Krebs cycle enzymes include auburn* and 
cofactora of citrate synthase, aconitase, isocitrate dehydrogenase, the a-ketoglutarale 
dehydrogenase complex, succiny! CoA synthetese, succinate dehydrogenase, fumarase and 
malate dehydrogenase. Krebs cycle enzymes further include enzymes and cofactora that are 
functionally Hnker. to me reactions of the Krebs cycle, such as, for example, nicotinamide 
ademne dinucleotide, coenzyme A, thiamine pyrophosphate, Hpoamide, guanosine 
dtphosphate, flavin ademne dinucloetide and nucleoside diphoaphokinaae. 

m another embodiment of tire memods described herein, tire biological response that 
ts modulated is skeletal muscle fiber-type switching, that ia, a shift fowanis type I oxidative 
skeletal muscle fibers, fcternational PCT Application WO 03/068944 describes skeletal 
muscle fiber-type switching. In some embodiments, tire agent increases a. leas, one of the 
b.o logtca, responses. In alternate embodiments, toe agent decreases at least one of me 
biological responses. 
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The methods described herein for modulating a biologioal activity in a cell may be 
applied to any type of cell. » specific embodiments, the eel! is a skeletal muscle ceU a 
smooth musc.e cell, a cardiac muscle cell, a hepatocyte, an adipocyte, a neuronal cell' or a 
pancreatic ceU. The ceU may be a primary cell, a ceU derived from a ceU Hue, or a cel. which 
has fefferenuated m vitro, such as a differentiated cell obtained through manipulation of a 
stem ce.l. In some embodiments, the cell in an organism, while in other embodiments me 
eel. ts man.pu.ated ex vivo, such as in cell or tissue culture. The methods described herein 
alsoapplytogronpsofcells.suchastowholetisauesororgans. m some embodiments the 
otgantsm is a mammal, such as a mouse, rat, an ungulate, a horse, a dog or a human. ' 

fit some embodiments, the human is afflicted, a. risk of developing, or suspeeted with 
bemg affhced, wtfe a disorder. In some embodiments, the disorder comprises a metabolic 
dtsorder, a disorder charactered by altered mitochondrial activity, a disorder characterized 
by sugar intolerance, or a combination thereof. In specific embodiments of me methods 
descnbed herein, the disorder is diabetes, obesity, cardiac myopathy, aging, coronary 
atoosc.ero.ic heart disease, diabetes melhtus, Alzheimer's Disease, Parkinson. Disease 
Huntington's disease, dystonia, Leber's hereditary optic neuropathy (LHON), schizophrenia 
myodegencrafive disorders such as •■mitochondrial encephalopamy, .actio acidosis, and ' 
stroke (MELAS). and "myoclonic epilepsy ragged red fiber syndmme" (MBRRF) NARP 
(Neuropathy; Ataxia; Retinitis Pigmentosa), MNGIE (Myopathy and external ' 
oph.hatoop.egia, neuropathy; gastro-intestinal encephalopamy, Keams-Sayre disease 
Pearaotfs Syndrome, PEG (Progressive Externa. Ophthahnop.e^a), congenita, muscular 
dystrophy with mitochondrial structural abnotmalities, Wolfram syndrome Diabetes 
tardus, Diabetes Mellitus, Optic Atrophy Deamess, Leigh's Syndrome, fetal infantile 
myopathy wife severe mitochondrial DNA (mtDNA) depletion, benign "later-onset" 
myopathy wife moderate reduction in mtDNA, dystonia, medium chain acyl-CoA 
dehydrogenase deficiency, arferitis, and mitochondrial diabetes and deamess (MIDD) 
mitochondrial DNA depletion syndrome. 

In one embodiment of fee methods for modulating biologies, responses in a cell 
descnbed herein, fee agent modulates fee fonnation of a complex between a PGC-I 
polypeptide .and (i) an Emr polypeptide; or (ii) a Gabp polypeptide. The agent may be an 
agent winch increases formation of fee complex in fee cell, or i, may be an agent fea, educes 
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formation of the complex in the cell. In embodiments where the agent increases a biological 
activity of the cell, the agent increases complex formation, whereas in embodiments where a 
biological activity is to be decreased, complex formation is decreased. One skilled in the art 
would recognize that complex formation, as used herein, refers to the normal association 
between the polypeptides which results in the transcriptional activation of target genes by the 
complex. Therefore, an agent which resulted in an aberrant aggregation of PGC-loc and Erra 
polypeptides, wherein the resulting complex has reduced transcriptional activating activity, 
would not result in increased biological activity but instead in less. Likewise, an agent which 
increased complexed formation, but the resulting complex was degraded in the cell, would 
result in less biological activity in the cell. Accordingly, in some specific embodiments for 
reducing biological activity, the agent results in increase complex formation, wherein the 
complex has reduced transcriptional activity or stability. 

In one embodiment of the methods for modulating biological responses in a cell 
described herein, the agent modulates the expression level or the transcriptional activity of an 
Erra polypeptide, a Gabp polypeptide, or of both. The agent may comprise a polypeptide, a 
nucleic acid, or a chemical compound. In one embodiment of the methods for modulating 
biological responses in a cell described herein, the agent is itself an Erra polypeptide or 
fragments thereof, or a Gapb polypeptide or a fragment thereof, or a nucleic acid encoding 
such polypeptides or fragments thereof. 

In some embodiments of the methods for increasing biological responses in a cell 
described herein, the agent increases complex formation between a PGC-1 polypeptide and 
an Erra polypeptide. In preferred embodiments, the agent is specific for the complex 
( formation between a PGC-1 polypeptide and an Erm polypeptide. In a preferred 
embodiment, the agent increases Erra activity by preferentially promoting complex 
formation between a PGC-1 polypeptide and an Erra polypeptide over complex formation 
between a PGC-1 polypeptide and at least one other polypeptide to which PGC-1 normally 
binds in an organism. Polypeptides to which PGC-1 normally binds in an organism include 
the following: nearly all nuclear receptor (e.g., PPAR-gamma, PPAR-alpha, thyroid hormone 
receptor, HNF4a, etc.) as well as other transcription factors, such as NRF1, NFAT, etc (s 
Puigserver and Spiegelman, Endocr Rev. 2003;24(1):78-90). 



(see 
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In another preferred embodiment, the agent increases Erra activity by preferentially 
promoting complex formation between a PGC-1 polypeptide and an Erra polypeptide over a 
PGC-1 polypeptide and another nuclear receptor. In some embodiments, the affinity of an 
agent which increases complex formation between PGC-1 polypeptide and Erra does so at 
least 2, 5, 10, 20, 40, 50, 100, 200, 500, 1000, 5000, 10,000, 50,000 or 100,000-fold times 
more potently than complex formation between the same PGC-1 polypeptide and (i) at least 
another polypeptide to which PGC-1 normally binds in an organism; or (ii) a nuclear 
receptor; or (iii) both. The fold-level of potency may be determined by measuring the 
association constant, the disassociation constant, or more preferably the K, of the agent for 
the various complexes. 



In parallel embodiments of the methods for inhibiting a biological response in a cell 
described herein, the agent preferentially inhibits complex formation between a PGC-1 
polypeptide and an Erra polypeptide over a PGC-1 polypeptide and another nuclear receptor 
In some embodiments, the affinity of an agent which decreases complex formation between 
PGC-1 polypeptide and an Erra does so at least 2, 5, 10, 20, 40, 50, 100, 200, 500 1000 
5000, 10,000, 50,000 or 100,000-fold times more potently than complex formation between 
the same PGC-1 polypeptide and (i) at least another polypeptide to which PGC-1 normally 
bmds in an organism; or (ii) a nuclear receptor; or (iii) both. In other embodiments, the IC50 
for dxsrupting the interaction between a PGC-1 polypeptide and an Erra polypeptide is 2 5 
10, 20, 40, 50, 100, 200, 500, 1000, 5000, 10,000, 50,000 or 100,000-fold lower than that for 
disrupting the interaction between a PGC-1 polypeptide and (i) at least one another 
polypeptide to which PGC-1 normally binds in an organism; or (ii) a nuclear hormone 
receptor. 

In other embodiments of the methods described herein for modulating biological 
responses in a cell, a Gabp polypeptide may replace the Erra polypeptide. For example 
instead of using an agent that modulates the interaction between a PGC-1 polypeptide and an 
Erra polypeptide, an agent is used that modulates the interaction between a polypeptide 
PGC-1 polypeptide and an Gabp polypeptide. Thus all variations of the methods described 
herein for modulating biological responses in a cell using an Erra polypeptide may be 
applied to an Gabp polypeptide, such as a Gabpa polypeptide. 
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Mother-embodiment of the methods described herein for modulating biologioal 
responses in a cell, me „11 „ contacted with two agents, wherein one agent mediates the 
expression or activity of Erra and the other agent modulates the expression or activity of a 
Gabp polypeptide, such as a Gabpa polypeptide, fir another embodiment, tire cell is contact* 
wtth one agent which modulates the expression or activity of both Erra and of a Gabp 
polypeptide. 

W - Methods of Preventing/Tr ying Djsgase 

Some aspects of the invention provide methods of treating or preventing a disorder 
Some aspects provide methods of preventing disorders which are associated with glucose " 
urtolerance, excess glucose production, insulin resistance, aberrant metabolism or abnormal 
mitochondrial function. 

The invention further provides agents for the manufacture of medicaments to treat any 
of the drsorders described herein. Any methods disclosed herein for treating or preventing a 
drsorder by administering an agent to a subject may be applied to to use of the agent in the 
manufacture of a medicament to treat that disorder. For example, in one specific 
embodiment, an Erra agonist may be used in to manufacture of a medicament for the 

such as diabetes. ' 

One aspect of the invention provides method of heating or preventing a disorder 
chamcterizedbyreduced mitochondrial function, glucose intolerance, or insuhn intolerance 
» a subject the method comprising administering ,o the subject a therapeuticaHy effective 
amount of an agen, which (■) increaaea the expression or activity of Err* or Gabp or both- or 
(n) mcreasea the formation of a complex between a PGC-1 polypeptide and (a) an Erra ' 
polypeptide; (b) a Gabp polypeptide; or both; or (in) binds to an (a) Erra binding site, or «o a 
(b) Gabpabinding site, and which increases transcription of a, least one gene in to subject 
sard gene having an Erra binding site, a Gabpa binding site, or both. 

bon ^ d toen.,mea g en.w U chbmds,oan(a)E TO bmding S ite,or,oa(b)Gabp 
bunting sue, comprises at leas, one DNA binding domain, fc a timber embodiment tire DNA 
bmdmg domam comprises at least one zinc-finger. In some embodiments, such agents 
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comprise a DNA binding domain and a transaction domain. Methods are known in the ar 
for designing transcriptional activator or repressors which bind to specific DNA sequences 
mcluding those disclosed in U.S. Patent Nos. 6,607,882, 6,453,242 and 6,51 1,808. 

In one embodiment, the disorder is type 2 diabetes mellitus. In one embodiment of 
any of the methods described herein, a disorder characterized by reduced mitochondrial 
function, glucose intolerance, or insulin intolerance is diabetes, obesity, cardiac myopathy 
aging, coronary atherosclerotic heart disease, diabetes mellitus, Alzheimer's Disease 
Parkinson's Disease, Huntington's disease, dystonia, Leber's hereditary optic neuropathy 
(LHON), schizophrenia, myodegenerative disorders such as "mitochondrial encephalopathy 
lactic acidosis, and stroke" (MELAS). and "myoclonic epilepsy ragged red fiber syndrome" ' 
(MERRF), NARP (Neuropathy; Ataxia; Retinitis Pigmentosa), MNGIE (Myopathy and 
external ophthalmoplegia, neuropathy; gastro-intestinal encephalopathy, Kearns-Sayre 
disease, Pearson's Syndrome, PEO (Progressive External Ophthalmoplegia), congenital 
muscular dystrophy with mitochondrial structural abnormalities, Wolfram syndrome 
Dxabetes Insipidus, Diabetes Mellitus, Optic Atrophy Deafness, Leigh's Syndrome fatal 
infantile myopathy with severe mitochondrial DNA (mtDNA) depletion, benign "later-onset" 
myopathy with moderate reduction in mtDNA, dystonia, medium chain acyl-CoA 
dehydrogenase deficiency, arthritis, and mitochondrial diabetes and deafness (MIDD) 
mitochondrial DNA depletion syndrome. 

The invention further provides a method of treating or preventing a disorder 
characterizedbyreduced mitochondrial function, glucose intolerance, or insulin intolerance 
m a subject, the method comprising administering to the subject a therapeutically effective 
amount of an agent which increases the expression or activity of a gene, wherein the gene 
has an Erro binding site or a Gapba binding site. 

In one preferred embodiment of this method, the gene has both an Errabinding site 
and a ^ binding site. In one embodiment, the Err* binding site comprises the sequence 

-TGACCTTG-3' or the sequence '5-CAAGGTCA-3 '. In one embodiment, the Gapba 
binding site comprises the sequence '5-CTTCCG-3' or '5-CGGAAG-3'. It is well known by 
one of routine skill in the art that transcriptional factors may have optimal binding sites to 
which theymaybindinvivoor in vitro with substantially the same bmdmg affinity as their 
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optimal binding sites. Accordingly, in some embodiments, an Errcc binding site comprises 
any sequence that, when operably bound to a promoter, allows transcriptional control of the 
promoter by Errcc. In another embodiment, an Errcc binding site comprises any sequence that 
may be bound by an Errcc polypeptide with high affinity, such as with a K<j that is less than at 
least about 10" 5 M, about 10* M, about 10" 7 M, about lO" 8 M, about 10" M, about l 0 -° M 
about 10- M, or about 10- M. Likewise, in some embodiments, an Gabpa binding site' 
compnses any sequence that, when operably bound to a promoter, allows transcriptional 
control of the promoter by Gabpa. In another embodiment, an Errcc binding site comprises 
any sequence that may be bound by an Gabpa polypeptide with high affinity, such as with a 
Ka that is less than at least about lO^M, about 10* M, about 10' 7 M, about 10' 8 M about 10' 9 
M, about 10- M, about 10- M, or about 10- M. In some embodiments, an Errcc binding 
site compnses a sequence which is about 50%, 62.5%, 75%, or 87.5% identical to either 5'- 
TGACCTTG-3'orto<5-CAAGGTCA-3'. In some embodiments, a Gabpa bindingsite 
compnses a sequence which is about 50%, 66.6%, or 83.3«>/o, identical to either '5-CTTCCG 
3'or'5-CGGAAG-3\ 

In another embodiment of any of the methods described herein, a gene which has an 
Errcc binding site is any one of the genes listed on Table 10, a gene which has a Gabpa 
binding site is any oneof the genes on Table 11, and a gene having both an Errcc and a Gabpa 
binding site is any one of the genes listed on Table 12. 

In yet another embodiment of this method, the binding sites are located within the 
promoter region of the gene. In one embodiment, the promoter region comprises from at 
least 0.5, 1, 1.5, 2, 2.5, 3, 4, 5 or 10 kb upstream of the transcriptional start site of the gene to 
at least either (i) 0.5, 1, 1.5, 2, 2.5, 3, 4, 5 or 10 kb downstream of the transcriptional start site 
of the gene; or (ii) 0.5, 1, 1.5, 2, 2.5, 3, 4, 5 or 10 kb downstream of the stop codon of the 
gene. In yet another embodiment of this methods, the promoter region comprises amasked 
promoter region. A masked promoter region comprises the regions of promoters that are 
conserved between two organisms. For example, a masked promoter regionmay comprise 
the promoter sequences which are conserved between human and another mammal such as a 
mouse. By sequences that are conserved, it is meant sequences which share at least 70% 

sequenceidentitybetweenthetwospeciesacrossawindowsizeofatleastg 9 11 12 13 
14, 15, 16, 17, 18, 19, 20, 25, or 50 nucleotides, or more preferably a window of 10 
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m another embodiment, me binding sites are located within me promoter region, the 
cot^regron, tbe exons, me introns, or me undated region of the gene, or a combination 



In ye. anomer specific embodimem of me method, the gene having an ^binding 
or a Gapba binding site is no, Erro, white in anomer embodiment the gene is no, Gabpa 
Tta agen, watch mcreases me ac,ivi,y or expression of a speoiflo gene may he selected by 
one sMedrnmeartaoeortingteme^peofproteinma, is encoded. For example if«he 
gene encodes an enzyme, titan enzyme activators are expected ,„ increase «he activity of me 
~ Ldcew.se, if*e gene is a receptor, a reenter agomsfn.y be ad.ninis.e.en. Such 
agoms. may comprise small organic molecn.es, such as those having ,ess than 1 xDa in mass 

ormaycompnseananabodyntathindstomegeneproductandincrease.iteac.ivi^ For ' 
»y gene an agen, which increases me activity „f ti e gene may comprise a po.ypeptide of me 
gene Uself, or anncleic acid containing the gene or an active fragment tttereof. 

ht one enmodiments of me methods described herein, reduced mitochondrial function 
composes reduced tote, mitochondrial relation, reduced uncoupled respiration, reduced 
of nntochondria. enzymes, reduced mitochondria, biogenesis or a combination 
toeoftasomeembodimenteofftemeutods for preventing or treating a disorder in a 
subject, a. leas, one of me agents increases «he expression or activity of Em, of a Gabp 
polypeptide, or of bout. In anomer embodhnen,, me agen, promotes tbe expression or Lvity 
ofabmdtngparmerofPGC-laorofPGC.p. m ye, anomer embodiment, tbeagen, 
promotes , he binding of PGC-Ia to a transcriptional relator, m some embodiments, tire 
tiunscnpnonal regulator is Errcror Gabpa. In one preferred embodintent, the agen, induces 
mitochondnal activity in skeletal muscle. 

to.erancT' 1 " Tl *"* faVen,i0n " " ^ *— 
to.era.ee n an mdtvtdual, comprising administering to tire individual a ttterapeuticaUy 

effective amount of an agen, which increases the expression level of a, ,eas, two OXPHOS- 
CR genes, hereby gating impaired glucose tolerance in tire individuah Another aspect of 
the mvention provtdes a method of freating obesity ta m 
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altering ,o «he individual a therapeutically effective amount of an agent which increases 
the expression level of at least two OSPHOS-CR genes, thereby treating obesity in the 
tndmdual. In preferred embodiments, the expression level of the OXPHOS-CR genes is 
urcreased m the skeletal muscle ceUs of the subject by at leas, 10%, 20%, 30%, 40%, 50% or 



Another aspect of the invention provides methods of heating or preventing disorders 
character^ by an elevated metabolic rate in a subject and methods of lowering a metabolic 
rate m a subject The invention provides a method of reducing the metabolic rate of a subject 
m need thereof, the method comprising administering to the subject a therapeutically 
effective amount of an agent which decreases tire expression or activity of a. leas, one of tire 
foHownrg: (l) Err* (ii) Gabpa; (hi) a gene having an Errcrbinding site, a Gabpa binding site 
or both; or (iv) a transcriptional activator which binds to an Erra binding site or to a Gabpa ' 
oindingsite; thereby reducing the metabolic rate of the patient. 

In some embodiments of tire methods provided for reducing tire metabolic rate of a 
subject m need thereof, tire subject is afflicted with an infection, such as a vira! infection In 
one specrflc embodiment, tire vira. infection is a human immunodeficiency virus infection. 

In another embodiment of methods for reducing metabolic rates, tire subject is 
affhcted with cancer or with cachexia. Cachexia is a metabolic condition characterized by 
werght loss and muscle wasting. I, is associated with a wide range of conditions including 
mflammation, hear, fatiure and mahgnanciea, and is we., known and described in tire chnica. 
literature e.g„ J. Nati. Cancer Inst 89(23): 1763-1773 (1997) 1. The mechanistic 
derangements underlying cachexia are no, known, bu, i, is dear Bun a negative energy 
b^ance obtains in tire face of severe weigh, toss. In specific embodiment,, tire subjec, is 
affhcted wti, cancer cachexia, puhnonary cachexia, Russell, Diencephalic Cachexia, cardiac 
cachexia or chronic renal insufficiency. 

In some embodiments of the metirods provided for reducing tire metabolic rate of a 
subject m need thereof, tire agen, decreases tire formation of a complex belween a PGC-1 
polypeptide and (i) an Ermpolypeptide; or (ii) a Gabp polypeptide. In preferred 
embodimenta,tirePGC-lpo lyP cptidei 3 aPGC-lapoIypeptide. In anotirer embodiment tire 
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agent decrea.es the expression level or the transcriptional activity of an Etrcrpolypeptide a 
Gabp polypeptide, or of both, while in additional embodiments the agent inhibits the 
expression or activity of a gene which has an Erra binding site, a Oabpa binding she, or bom. 
In some embodiments, the agents comprise double stranded RNA reagents, dominant 
negative polypeptides or nucleic acids encoding mem, or antibodies directed ,o Erra, Gabpa 
Gabpb or «o genes (or their gene products) which have an Mna binding site, a Gabpa binding 
site, or both, such as binding sites in their promoter regions. 

U.S. Patent Application No. 5,602,009 describes a method of generating inhibitory 
nuclear hormone receptors. Such methods may be applied to Erra or to Gahp to generate 
polypeptides or nudeic acids which encode mem, which may be used as agents in the 
methods described herein for reducing the metabolic rate, of a subject. 

V. Methods of Diawori-r ftH^titviB, nk> „.. n _ 

One aspect of tire invention provides methods of identifying a susceptibility .oci for a 
drsorder characterized by reduced mitochondrial (unction or reduced metaboHsm. The 
tdentificatton of these loci allows for tire diagnosis of ft. disorders and for tire design or 
screening of agents for the treatment of these disorders. 

The invention provides a method of identifying a susceptibility locus for a disorder 
that is characterized byreduced mitochondrial Junction, glucose intolerance, or insulin 
intolerance in a subject, the metitod comprising (i) identifying a, .east one polymotphisms in 
a gene, or ..nked to a gene, wherein the gene (a) has an Err«binding site, a Gabpa binding 
arte, or both; or (b) is Erra, Gabpa, or Gabpb ; (it) determining if a. ,eas, one pol^orphism is 
assorted wtth the incidence of the disorder, wherein if apo.ytnorphism is associated with 
the mctdence of the disorder then the gene having me polymorphism, or tire gene to which 
the polymorphism is linked, is a susceptibility locus. 

to^^odimentofmemethodsdescrib^heremforidentifyingasmceptibmty 
locus for a drsorder, the gene is any one of the gene listed on Tables !0-12. 

As used herein, the term "polymorphism" refers to the co-existence, witirin a 
population, of more than one form of a gene or portion thereof (e.g. allelic variant), a, a 
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frequency too high to be explained by reeurren, mutation aione. A portion of a gene of which 
there are „ feast two different forma, i.e. two different nucleotide sequences, is referred to as 
a polymorphic region of a gene". A specific genetic sequence at a polymorphic region of a 
gene is an allele. 

A P ol WW«egioncanbe as inglenucleofideormore.hanonenucleotideme 
tdennty of which differs in different allele*. A polymorphic region can be a restriction 
fragment length polymorphism (RFLP). A RFLP refers to a variation in DNA sequence ma, 
alters the length of a restriction fragment as described in Botstein et al„ Am. J. Hum Genet 
32. 3 14-33 1 (1 980). The RFLP may create or delete a restriction site, thus changing me ' 
length of me restriction fiagment. RFLPs have been widely used in human and animal 
genetic analyses (see WO 90/13668; W090/11369; Donis-Keller, Cell 5 1 3 ) 19.33 )7 
(1987); Lander et al. Genetics 121, 85-99 (1989)). When a heritable trait can he linked m a 
particular RFLP, the presence of me RFLP in an individual can be used ,0 predict the 
likelihood that the individual will also exhibit the trait. 

Other polymorphisms take the form of short tandem repeats (STRs) ma. inchrde 
totem dr, tri-and tetranucleotide repeated motifs. These tandem repeats are also referred .0 
as vanable number tandem repeat (VNTR) po.ymorphisms. VNTRs have been used in 

.denti^andpa,ernityanaly S i 5 (U.S.Pa,.No.5,075,217;Armouretal.,FEBSLett 307 13 1 
15 (1992); Horn e, a!. WO 91/14003; Jeffreys, BP 370,7.9), and in a large number of genetic 
mapping studies. vudob 

Other polymorphisms take the form of single nucleotide variations between 
mdrvrdnals of me same species. Such single nucleotide variations may arise due to 
substitution of one nucleotide for another at the polymorphic site or ftom a deletion of a 
nucleotide or an insertion of a nucleotide re!ative to a referenced allele. These single 
nucleotide .variations are referred* herein as smgfe nucleotide po.ymorphism (SNPs). Such 
SNPs are far more frequent man RFLPS, STRs and WTRs. Some SNPs may occur in 
protem-eoding semrences, in which case, one of me polymorphic forma may give rise ,0 me 
express™ of a defective protein and, potentially, a genetic disease. Omer SNPs may occur in 
noncodmg regions. Some of these polymorphisms may a!so result in defective protein 
expressron (e.g. as a result of defective sphcing). Other SNPs may have no phenotypic 
effects. r 
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Techniques for determining the presence of particular alleles would be those known to 
persons skilled in the art and include, but are not limited to, nucleic acid techniques based on 
size or sequence, such as restriction fragment length polymorphism (RFLP), nucleic acid 
sequencing, or nucleic acid hybridization. The nucleic acid tested may be RNA or DNA 
These techniques may also comprise the step of amplifying the nucleic acid before analysis 
Amplication techniques are known to those of skill in the art and include, but are not limited 
to, cloning, polymerase chain reaction (PGR), polymerase chain reaction of specific alleles 
(PASA), polymerase chain ligation, nested polymerase chain reaction, and the like. 
Amplification products may be assayed in a variety of ways, including size analysis 
restriction digestion followed by size analysis, detecting specific tagged oUgonucleo'tide 
pnmers m the reaction products, allele-specific oligonucleotide (ASO) hybridization, allele 
specific exonuclease detection, sequencing, hybridization and the like. Polymorphic 
variations leading to altered protein sequences or structures may also be detected by analysis 
ofthe protein itself. Additional methods for the detection of polymorphisms are described in 
U.S. Patent No. 6,453,244 and in International PCT publications No. WO 04/01 1668 WO 
03/048384, WO 01/20031 and WO 03/038125, the teachings of which are hereby 
incorporated by reference. 

General methods are available to one skilled in the art for determining if a particular 
allele is associated withfrie incidence ofthe disorder, such as those described in Analysis of 
Human Genetic Linkage, by Jurg Ott: Johns Hopkins University Press, 1 999; and Statistical 
Genomics: Linkage, Mapping, and QTL Analysis by Ben Hui Liu: CRC Press, 1997. 

The invention also provides a related method for determining if a subject is at risk of 
developing a disorder which is characterized by reduced mitochondrial function, the method 
compnsmg determining if a gene from the subject contains a mutation which reduces the 
function ofthe gene, wherein the gene has an Erra binding site, a Gapba binding site, or both 
wherein if a gene from the subject contains a mutation then the subject is at risk of 
developing the disorder. 

In one embodiment of this method, the mutation reduces the function ofthe gene' In 
another embodiment, the disorder is diabetes, obesity, premature aging, cardiomyopathy, a 



-31- 



WO 2005/003766 

PCT/US2004/019017 

neuredegenerative disease, or retinal degeneration. In further embodiments, me gene is any 
one of the genes on Tables 10-12. 

The proposed role of the eandidate genes proteina ean be validated by traditional 
overexpression or knockout approaches to ascertain the effects of such manipmations on 
mitochondrial biogenesis in the engineered cell lines. This approach ultimately identifies 
addthonal molecnles whose expression or activity can be modulated to enhance 
nutochondrial function. For example, cultured skeletal muscfe cells may be used with 
electrical stimulation or thyroid honnone as fit, stimulus ^ mitochondrial biogenesis 
Alfernativefy, a fa. celf culture such as 3T3-L1 cells may be used, with norepinephrine 
proving toe stimulus for mitochondria, biogenesis. Alternatively, cultured cells such as 
HeLa or HBK293 that express PGC-. and/or NRF-1 under a teuacycline inducible system 
^^^^^indnc^e^cmofPGC.la^orNWt.!^^^^ 
biogenesis. After sufficient time with the appropriate sumuhts to allow induction (,-2 days) 
tine cells are incubated with P» orthophosphate for 4 hrs. Cells are men harvested and 
sub.ec.ed to SDS-PAGB to resolve me labelen protein, Using these sys.ems, me function of 
a candtdate disease gene may be altered, such as mtougb overexpression, expression of 
domutantnegative fbrma of me proteins, inhibitory RNAi reagents, antibodies, and the like 
and the effects on mitochondrial biogenesis or function detettnined. 

VI. Methods of Identifying T heranenfi- .p .„>. 

toe aspect of tire invention provides methods of identifying agents which modmate 
btologtcal responses in a cell, which modulate expression of the OXPHOS-CR genes or 
which prevent or treat a disorder. 

One aspect of the invention provides a method of determining if an agent is a 
potential agent for the treatment of a disoreer that is characterized by gmcose intolerance 
tnsuun reststance or renuccd mitochondria! function, the method comprising determining if 
fte agent increases: (i) the expression or activity of Erraor Gabp in a cell; or (ii) me 
fotmation of acomplex berween aPGC-1 polypeptide and (i) an Etret polypeptide; or (ii) a 
Gabp polypeptide; wherein an agent that increases (i) or (ii) „ . potential target for ^ 
treatment of the disorder. 



In some embodiments of the methods described herein for determining if 



an agent is a 
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potential agent for the treating of . ^ disonJer fa 

myopathy, aging, coronary atherosclerotic hear, disease, diabetes aretes, Alzheimer's 
Dtsease, Parkinson's Disease, Huntington's disease, dystonia, Leber's hereditary optic 
neuropathy (LHON), schizophrenia, tnyodegenerative disorders snch as "mitochondrial 
encephalopamy, lactic acidosis, artd stioke" (MELAS). and "myoclonic epilepsy ragged red 
fiber syndrome" (MERRF), NA RP (Neuropathy; Ataxia, Retinitis Pigmented), MNGIE 
^yopathy and extern! ophthalmoplegia, neuropathy; gastro-intestina. encephalopamy 
Keams-Sayre disease, Pearson's Syndrome, PEG (Progressive Externa, Ophthahnop.egL) 
congenual musclar dystrophy with mitochondrial structural abnormalities, Wolfram 
syndrome, Diabetes Insipidus, Diabetes Mellitus, Optic Atrophy Deafness; Leigh's 
Syndrome, ^anti.e myopamy witi, severe mitochondria. DNA (mffiNA) dep.etion 
bemgn .ater-onse," myopathy with moderate reduction in mtDNA, medium chain acyl-CoA 
M^drogenase deficiency, dystonia, arthritis, and mitochondrial diabetes and deamess 
(MIDD), or mitochondrial DNA depletion. 

Any genera, method known to one skirled in me art may be apphed to determine if an 
agent mcreases the expression or activity of Err. or Gahp. hr one specific embodiment for 
detemnnmg if an agent incteases me expression of Err* or Gabp, a ce,. is contactor, with an 
agent, and an mmcator of gene expression, such as mRNA level or protein .eve. is 

NorthemBIots.reverse-transcriptesepo.ymerase chain reaction (RT-PCR), RNA protection 

ZZ OT " T miCr ° array C ° mPriSing **" ^ of Etra or Gabp mRNA or 

cDNA mo.ecu.e, Likewise, protein .eve.s may be q uan«,a.ed using techniques weH-known 
m the art, such as western blotting, immuno-sandwich assays, ELISA assays, or any other 
— logical techruque. Techniques for q uantita«ng nuc.eic acids and proteins may be 
found, for examp.e, in Mo.ecu.ar Coning: A Laboratory Manna,, 3rd En., ed. by Sambrook 

Z Son' 1 bJ, M BOnifaCta °- DaSS0 " "PPtacnn-Schwartz, Harford, and Yamada, John WUey 
and Sons, Inc., New York, ,999, hereby incorporated by reference in their entirety. 

^--^.anRCceUcu^systemcanbcusedtoidentifycompotmdswhich 
be used ,„ mentify co,^^ wMch lead (0 ^ ^ ^ ^ 
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production. Alternatively, such a ee.l cuMure system can be uaed to identify compounds or 
bmdmgparmers of ERKa which increase its expression. Compounds «h„s identified are 
useful as therapeutics in conditions where ERRct production is deficient or excessive 
Srnnlar experiments may be carried out with Gabpa or Gabpb or both. 

■ Likewise, any general method known to one skilled in the art may be appUed to 
date rmming if an agent increases the activity of Erraor Gabp. Activities of Erra or Gabp 
-** abthty to bind «o DNA, their shinty „ bind to other transcriptional regu,al or 
0-^topromote.anaeription^^. m one embodiment eandidd 

b.o,og,ca> activity of ERRa; arrd (b) measuring me biologic*, activity of ERRa in me 
presence or absence of the candidate compound, wherein a change in ERRa aetivity m me 
presence of me compound re,ative to ERR« aetivity in the absence of the compound indicates 
modulate ERRa activity. fc M embodimcnts , ^ ^ 

ZZT.l bindtte ~° fa ^--»*--P— ormediumchain 
acyl-CoA dehydrogenase (MCAD), which may be determined using chromatin 

— preoiptetion and analysis of.be DNA bound to the Erra polypeptide. In mother 
embedment, me biological activity is me abibty of Erra to comp,ex wim PGC-la orPGC- 

^ T"™ 4 ^ ° f — Btra or a PGC-, polypeptide 

andde, emumgaepwomeoaOTprote . nbyw ^ Wo ^ *P 

embomment, me bio.ogiea, activity is promoting transcription of a target gene. An indicator 
r eX T 10D * ^ gen6 Wh<>Se **» iS * E - - * G*p can 

ts PGC la or PGC-ip,s also present when testing ofan agent modulates the 
transenpuona, activating activity of Erra or Gabp polypeptides. Targe, genes which may be 
used mclude those which contain either an Erra or a Gabp binding site, aucb as OXPHOS 
geneaortoeprovidedbymeinveotion. Because Gabpa and Gabpb form a complex m 
assay systems described herein. present m the 

One particular embodiment for identifying agents which modutate aetivity of Erra 
employs two genetic construe*. One is typically a pl asmid ma, continuoualy express tte 
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transcriptional relator of interest when transfected into an appropriate oell line. The S econd 
ts a plasmid whieh expresses a reporter, e.g., lueiferase nnder control of the transcriptional 
regulator. For example, if a compound whieh acts as a ligand for Erra is to be evaluated one 
of the plasmids would be a construct that results in expression of the Erra in me cell line The 
second would possess a promoter linked to the lueiferase gene in which an Erra response 
element is inserted. If the compound to be tested is an agonist for the Erra receptor the 
hgand will complex with me receptor and me resulting complex binds me response element 
and mitiates transcription of me lueiferase gene. In time the cells are lysed and a substrate for 
lucferase added. The resulting chemilnminescenee is measured photometrically. Dose 
response curves are obtained and can be compared to the activity of known ligauds. Outer 
reporters than lueiferase can be used including CAT and other enzymes. In one specific 
embodiments of this approach, the cells further express PGC-la or PGC-lp either 

of PGC-1 polypeptides in the cell further allows for the identification of agents which 
mcrease or decrease the binding interaction between a PGC-1 polypeptide and Erra. This 
approach may also be modified to express both Gabpa and Gabpb to identify agenfs which 
modulate fheir transcriptional activity. Alternatively, a cell may be used which endogenous* 
expresses any combination of polypeptides, such ma, only a plasmid encoding a reporter gene 
is introduced into the cell. 

Viral constructs can be used to intioduce the gene for Erra Gabp or PGC-1 and the 
reporter into a cell. An usual viral vector is an adenovirus. For tourer details concerning tins 
preferred assay, see U.S. Pat No. 4,981,784 issuedlan. 1, 1991 hereby incorporated by 
reference, and Evans « a.., WO88/03168 published on 5 May 1988, also incorporated by 
reference. 



Erra antagonists can be identified using this same basic "agonist" assay. A fixed 
amount of an antagonist is added to the cells with varying amounts of test compound to 
generate a dose response curve. If the compound is an antagonist, expression of lueiferase is 



suppressed. 



Additional methods for the isolation of agonists and antagonist of transcriptional 
regulators are described in U.S. PafenfNos. 6,187,533, 5,620,887, 5,804,374, and 5,298,429, 
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and US. Patent Publication Nos. 2004/003394, 2003/0077664, 2003/0215829 and 
2003/0039980. Any of the methods described herein may be easily adapted to identify 
agonists or antagonists of any one Erra or Gabp polypeptides. 

U.S. Patent No. 6,555,326 (PCT Pub No. WO 99/27365) describes a fluorescent 
polarization assay for identifying agents which regulate the activity of nuclear hormone 
receptors, by using a nuclear hormone receptor, a peptide sensor and a candidate agent. 
Table 1 of this patent also lists exemplary nuclear hormone receptors. Such a method may 
easily be modified by one skilled in the art to identify agents which regulate the activity of 
Erra or Gabp. 

The invention also provides a method for screening a candidate compound for its 
ability to modulate ERRa activity in a suitable system, in the presence or absence of the 
candidate compound. A change in ERRa activity the presence of the compound relative to 
ERRa activity in the absence of the compound indicates that the compound modulates ERRa 
activity. ERRa activity is increased relative to the control in the presence of the compound 
the compound is an ERRa agonist. Conversely, if ERRa activity is decreased in the presence 
of the compound, the compound is an ERRa antagonist. 

Another way of determining if an agent increases the activity of Erra or Gabp may 
also be based on binding of the agent to an ERRa or to a Gabp polypeptide or fragment 
thereof. Such competitive binding assays are well known to those skilled in the art. 

For example, the invention provides screening methods for compounds able to bind to 
ERRa which are therefore candidates for modifying the activity of ERRa. Various suitable 
screening methods are known to those in the art, including immobilization of ERRa on a 
substrate and exposure of the bound ERRa to candidate compounds, followed by elution of 
compounds which have bound to the ERRa. Additional methods and assays for identifying 
agents which modulate Erra activity, for generating Erra knock out animals and cells, and 
for generating ERRa reagents, such as anti-Erra antibodies are described in International 
PCT publication No. WO 00/122988, hereby incorporated by reference in its entirety. 

Another aspect of the invention provides a method of identifying an agent that 
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modulates a biological response, the method comprising (a) contacting, in the presence of the 
agent, a PGC-1 polypeptide and an (i) Erm polypeptide, or (ii) a Gabp polypeptide, under 
conditions which allow the formation of a complex between the PGC-1 polypeptide and (i) 
the Errapolypeptide, or (ii) the Gabp polypeptide; and (b) detecting the presence of the 
complex; wherein an agent that modulates the biological response is identified if the agent 
increases or decreases the formation of the complex, and wherein the biological response is 
(a) expression oftheOXPHOS genes; (b) mitochondrial biogenesis; (c) expression of 
NuclearRespiratoryFactorlCNRF-lMd) ^oxidation of fatty acids; (e) total mitochondrial 
respiration; (f) uncoupled respiration; (g) mitochondrial DNA replication; or (h) expression 
of mitochondrial enzymes. 

In some embodiments of the methods for identifying an agent that modulates a 
biological response, the method comprises an agent that increases the formation of the 
complex and that increases the biological response. In alternate embodiments, the agent 
decreases the formation of the complex and decreases the biological response. In some 
embodiments, the conditions which allow the formation of a complex between the PGC-1 
polypeptide and an Erm polypeptide or a Gabpa polypeptide comprise in vitro conditions 
while in other embodiments they comprise in vivo conditions such as expression in a cell or 
in an organism. 

The following embodiments of methods for identifying a compound that modulates a 
biological response, although directed at Erra and PGC-lcc, are equally applicable to Gabp 
polypeptides, such as Gabpa polypeptides, or to PGC-10 polypeptides. 

One embodiment for the of the methods for identifying a compound that modulates a 
biological response comprises: 1) combining: a Erra polypeptide or fragment thereof a PGC- 
lcc polypeptide or fragment thereof, and an agent, under conditions wherein the Err alpha and 
PGC-la polypeptides physically interact in the absence of the agent, 2) determining if the 
agent interferes with the interaction, and 3) for an agent that interferes with the interaction 
further assessing its ability to promote the any of the biological responses of the cell, such'as 
(a) expression of the OXPHOS genes, mitochondrial biogenesis, expression of Nuclear 
Respiratory Factor 1 (NRF-1), Oxidation of fatty acids, total mitochondrial respiration 
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uncoupled respiration, mitochondrial DNA replication or expression of mitochondrial 
enzymes. 

A variety of assay formats will suffice and, in light of the present disclosure; those not 
expressly described herein will nevertheless be comprehended by one of ordinary skill in the 
art. Assay formats which approximate such conditions as formation of protein complexes 
enzymatic activity may be generated in many different forms, and include assays based on 
cell-free systems, e.g. purified proteins or cell lysates, as well as cell-based assays which 
uuhze intact cells. Simple binding assays can also be used to detect agents which bind to 
Erra or PGC-la. Such binding assays may also identify agents that act by disrupting the 
interaction between a Erra polypeptide and PGC-la. Agents to be tested can be produced 
for example, by bacteria, yeast or other organisms (e.g. natural products), produced 
chemically (e.g. small molecules, including peptidomimetics), or produced recombinantly. 
Because Erra and PGC-la polypeptides contain multiple domains, specific embodiments of 
the assays and methods described to identify agents which modulate complex formation 
between Erra and PGC-1 a employ fragments of Erra rather than full-length polypeptides 
such as those lacking the DNA binding domains. Fragments of PGC-la may also be used in 
some embodiments, in particular fragments which retain the ability to complex with Erra. 

In many drug screening programs which test libraries of compounds and natural 
extracts, high throughput assays are desirable in order to maximize the number of compounds 
surveyed in a given period of time. Assays of the present invention which are performed in 
cell-free systems, which may be developed with purified or semi-purified proteins or with 
lysates, are often preferred as "primary" screens in that they can be generated to permit rapid 
development and relatively easy detection of an alteration in a molecular target which is 
mediated by a test compound. Moreover, the effects of cellular toxicity and/or bioavailability 
of the test agent can be generally ignored in the in vitro system, the assay instead being 
focused primarily on the effect of the drug on the molecular target as may be manifest in an 
alteratxonofbinding affinity with other proteins or changes in enzymatic properties of the 
molecular target. 

In preferred in vitro embodiments of the present assay, a reconstituted Erra/PGC- la 
complex comprises a reconstituted mixture of at least semi-purified proteins. By semi- 
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purified, it is meant that the proteins utilized in the reconstituted mixture have been 
previously separated from other cellular or viral proteins. For instance, in contrast to cell 
lysates, the proteins involved in Erra /PGC-la complex formation are present in the mixture 
to at least 50% purity relative to all other proteins in the mixture, and more preferably are 
present at 90-95% purity. In certain embodiments of the subject method, the reconstituted 
protein mixture is derived by mixing highly purified proteins such that the reconstituted 
mixture substantially lacks other proteins (such as of cellular or viral origin) which might 
interfere with or otherwise alter the ability to measure Errcc/PGC-la complex assembly 
and/or disassembly. 

Assaying Erra/PGC-lcc complexes, in the presence and absence of a candidate agent, 
can be accomplished in any vessel suitable for containing the reactants. Examples include ' 
microliter plates, test tubes, and micro-centrifuge tubes. In a screening assay, the effect of a 
test agent may be assessed by, for example, determining the effect of the test agent on 
kinetics, steady-state and/or endpoint of the reaction. 

In one embodiment of the present invention, drug screening assays can be generated 
which detect inhibitory agents on the basis of their ability to interfere with assembly or 
stability of the Errct/PGC-la complex. In an exemplary binding assay, the compound of 
interest is contacted with a mixture comprising a Errcc/PGC-la complex. Detection and 
quantification of Errcc/PGC-la complexes provides a means for determining the compound's 
efficacy at inhibiting (or potentiating) interaction between the two polypeptides. The efficacy 
of the compound can be assessed by generating dose response curves from data obtained 
using various concentrations of the test compound. Moreover, a control assay can also be 
performed to provide a baseline for comparison. In the control assay, the formation of 
complexes is quantitated in the absence of the test compound. 

Complex formation may be detected by a variety of techniques. For instance, 
modulation in the formation of complexes can be quantitated using, for example, detectably 
labeled proteins (e.g. radiolabeled, fluorescently labeled, or enzymatically labeled), by 
immunoassay, or by chromatographic detection. Surface plasmon resonance systems, such as 
those available from Biacore © International AB (Uppsala, Sweden), may also be used to 
detect protein-protein interaction. 
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The proteins and peptides described herein may be immobilized. Often, it will be 
desirable to immobilize the peptides and polypeptides to facilitate separation of complexes 
from uncomplexed forms of one of the proteins, as well as to accommodate automation of the 
assay. The peptides and polypeptides can be immobilized on any solid matrix, such as a 
plate, a bead or a filter. The peptide or polypeptide can be immobilized on a matrix which 
contains reactive groups that bind to the polypeptide. Alternatively or in combination, 
reactive groups such as cysteines in the protein can react and bind to the matrix. In another 
embodiment, the polypeptide may be expressed as a fusion protein with another polypeptide 
which has a high binding affinity to me matrix, such as a fusion protein to streptavidin which 
binds biotin with high affinity. 

In an illustrative embodiment, a fusion protein can be provided which adds a domain 
that permits the protein to be bound to an insoluble matrix. For example, a GST-ERRa 
fusion protein can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis, 
MO) or glutathione derivatized microtitre plates, which are then combined with a PGC-la 
polypeptide, e.g. an 35 S-labeled polypeptide, and the test compound and incubated under 
conditions conducive to complex formation. Following incubation, the beads are washed to 
remove any unbound interacting protein, and the matrix bead-bound radiolabel determined 
directly (e.g. beads placed in scintillant), or in the supernatant after the complexes are 
dissociated, e.g. when microtitre plate is used. Alternatively, after washing away unbound 
protein, the complexes can be dissociated from the matrix, separated by SDS-PAGE gel, and 
the level of interacting polypeptide found in the matrix-bound fraction quantitated from the 
gel using standard electrophoretic techniques. 

In yet another embodiment, the Errct and PGC-la polypeptides can be used to 
generate an interaction trap assay (see also, U.S. Patent No: 5,283,317; Zervos et al. (1993) 
Cell 72:223-232; Madura et al. (1993) J Biol Chem 268:12046-12054; Bartel et al. (1993) 
Biotechniques 14: 920-924; and Iwabuchi et al. (1993) Oncogene 8:1693-1696), for 
subsequently detecting agents which disrupt binding of the proteins to one and other. 

In still further embodiments of the present assay, the Erra/PGC-lacomplex is 
generated in whole cells, talcing advantage of cell culture techniques to support the subject 
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assay. For example, as described below, the Errcc/PGC-loc complex can be constituted in a 
eukaryotic cell culture system, such as a mammalian cell and a yeast cell. Other cells know 
to one skilled in the art may be used. Advantages to generating the subject assay in a whole 
cell include the ability to detect inhibitors which are functional in an environment more 
closely approximating that which therapeutic use of the inhibitor would require, including the 
ability of the agent to gain entry into the cell. Furthermore, certain of the in vivo 
embodiments of the assay, such as examples given below, are amenable to high through-put 
analysis of candidate agents. 

The components of the Errcc/PGC-la complex can be endogenous to the cell selected 
to support the assay. Alternatively, some or all of the components can be derived from 
exogenous sources. For instance, fusion proteins can be introduced into the cell by 
recombinant techniques (such as through the use of an expression vector), as well as by 
microinjecting the fusion protein itself or mRNA encoding the fusion protein. 



lex is 



In still further embodiments of the present assay, the Erro/PGC-la comple 
generated in whole cells and the level of interaction is determined by measuring the level of 
gene expression of an (i) endogenous gene or of a transgene, whose expression is dependent 
on the formation of a complex. Genes which are responsive to Erra/PGC- la complex are 
provided by the invention and some may be found in the literature. 

In specific embodiments, the cells used in the methods described herein for 
identifying agents are cells in culture or from a subject, such as a tissue, fluid or organ or a 
portion of any of the foregoing. For example, cells can preferably be from tissues that are 
involved in glucose metabolism, such as pancreatic cells, islates of Langerhans, pancreatic 
beta cells, muscle cells, liver cells or other appropriate cells. Preferably, cells are provided in 
culture and can be a primary cell line or a continuous cell line and can be provided as a clonal 
population of cells or a mixed population of cells. 

VIL Methods of Identifying Agents whirh M odulate OXPWQS-CR Evnr M< i» n 

Applicants have identified a core set of genes (OXPHOS-CR) that help unify previous 
observations from clinical investigation, exercise physiology, pharmacology, and genetics 
Drugs that modulate OXPHOS-CR activity may be promising candidates for the prevention 
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and/or treatment of type 2 diabetes. Applicants discovery of OXPHOS-CR properties and 
previous observations support the hypothesis that drugs that increase OXPHOS-CR activity 
in muscle and fat will improve insulin resistance, while agents that reduce it will worsen 
insulin resistance. These drugs may have benefit in other processes characterized by aberrant 
oxidative capacity in these tissues, including obesity and aging. 

The methods described in this section for identifying agents which regulate the 
expression level of one or more OXPHOS-CR genes may also identify agents which 
modulate PGC-lct, Gabp or Erra expression or activity, or agents which mimic or 
functionally substitute for these genes, since applicants have demonstrated that these three 
transcriptional regulators regulate the expression of OXPHOS-CR genes. Likewise, these 
methods also identify therapeutic agents which modulate metabolism or mitochondrial 
function in a subject in need thereof, such as a subject afflicted with diabetes. 

Accordingly, the invention further provides cell based methods for identifying agents 
which regulate the expression of OXPHOS-CR genes. On aspect provides a method of 
identifying an agent that regulates expression of OXPHOS-CR genes, the method comprising 
(a) contacting (i) an agent to be assessed for its ability to regulate expression of OXPHOS- 
CR genes with (ii) a test cell; and (b) determining whether the expression level of at least two 
OXPHOS-CR gene products show a coordinate change in the test cell compared to an 
appropriate control, wherein a coordinate change in the expression of the OXPHOS-CR gene 
products relative to the appropriate control indicates that the agent regulates the expression of 
OXPHOS-CR genes. 

A related aspect of the invention provides method of identifying an agent that 
regulates expression of a gene, wherein the gene is an OXPHOS-CR gene, the method 
comprising (a) contacting (i) an agent to be assessed for its ability to regulate expression of 
the gene with (ii) a test cell; and (b) determining whether the expression level of two or more 
OXPHOS-CR gene products show a coordinate change in the test cell compared to an 
appropriate control, wherein the gene does not encode the two or more OXPHOS-CR gene 
products, and wherein a coordinate change in the expression of the OXPHOS-CR gene 
products relative to the appropriate control indicates that the agent regulates the expression 
level of the gene. 
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In some embodiments, the OXPHOS-CR gene products comprise an mRNA ■ 
polypeptide. The gene products of the two genes need not be of the same type. For instance 
in one specific embodiment, the mRNA levels of a first OXPHOS-CR gene, the polypeptide ' 
levels of a second OXPHOS-CR gene, and the enzymatic activity of a third OXPHOS-CR 
genes are determined. In a preferred embodiment, all the gene products comprises mRNAs. 

In additional embodiments, determining whether the expression of at least two 
OXPHOS-CR gene products show a coordinate change in the test cell comprises detecting 
either qualitatively, semiquantitatively, or more preferably quantitatively, the levels of the ' 
OXPHOS-CR gene products. In one embodiment, the coordinate change comprises an 
increase or a decrease in expression in all the genes tested. In another embodiment, a 
coordinate change comprises an increase or a decrease in at least 60%, 65%, 70%, 75% 80% 
85%, 90%, 91%, 92o/o, 93%, 94%, 95%, 95%, 97%, 98% or 99% of the genes tested. 

In a variation of this method, more than one cell is contacted with the agent In yet 
another variation, multiple cells or cell populations are contacted with the agent, such that 
each cell or cell population provides a measure of expression for each of the OXPHOS-CR 
gene products. For example, if the expression level of four OXPHOS-CR genes is to be 
determined, then four cell populations, such as one on each well of a 96-well plate is 
contacted with the agent, and from each well the expression level of one of the OXPHOS 
genes is determined. Alternatively, two cell populations could be used and the expression 
level of two gene products could be determined from each of the two cell populations In 
another embodiment, the cell or cell population is contacted with more than one agent. 

The expression level of the OXPHOS-CR gene products may be determined using 
techniques known in the art. Gene products which comprise an mRNA may be detected, for 
example, using reverse transcriptase mediated polymerase chain reaction (RT-PCR) 
Northern blot analysis, in situ hybridization, microarray analysis, etc. (Schena et al., Science 
270:467-470 (1995); Lockhart et al., Nature Biotech. 14: 1675-1680 (1996), and U.S Patent 
Nos. 5,770,151, 5,807,522, 5,837,832, 5,952,180, 6,040,138 and 6,045,996). Polypeptide 
products may be detected using, for example, standard immunoassay methods known in the 
art. Such immunoassays include but are not limited to, competitive and non-competitive 
assay systems using techniques such as radioimmunoassays, ELISA (enzyme-linked 
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immunosorbent assay), "sandwich" immunoassays, immunoradiometric assays, gel diffusion 
precipitin,reactions, immunodiffusion assays, in situ immunoassays (using colloidal gold, 
enzymatic, or radioisotope labels, for example), Western blots, 2-dimensional gel analysis, 
precipitation reactions, immunofluorescence assays, protein A assays, and 
Immunoelectrophoresis assays. 

When the gene product comprises an enzyme, the level of gene product may be 
determined using a measure of enzymatic activity. Products of enzyme catalytic activity may 
be detected by suitable methods that will depend on the quantity and physicochemical 
properties of the particular product. Thus, detection may be, for example by way of 
illustration and not limitation, by radiometric, calorimetric, spectrophotometry fluorimetric 
immunometric or mass spectrometry procedures, or by other suitable means that will be 
readily apparent to a person having ordinary skill in the art. In certain embodiments of the 
invention, detection of a product of enzyme catalytic activity may be accomplished directly, 
and in certain other embodiments detection of a product may be accomplished by 
introduction of a detectable reporter moiety or label into a substrate or reactant such as a 
marker enzyme, dye, radionuclide, luminescent group, fluorescent group or biotin, or the like 
The amount of such a label that is present as unreacted substrate and/or as reaction product 
following a reaction to assay enzyme catalytic activity, is then determined using a method ' 
appropriate for the specific detectable reporter moiety or label. For radioactive groups, 
radionuclide decay monitoring, scintillation counting, scintillation proximity assays (SPA) or 
autoradiographic methods are generally appropriate. For immunometric measurements, 
suitably labeled antibodies may be prepared including, for example, those labeled with' 
radionuclides, with fluorophores, with affinity tags, with biotin or biotin mimetic sequences 
or those prepared as antibody-enzyme conjugates (see, e.g., Weir, D. M., Handbook of 
Experimental Immunology, 1986, Blackwell Scientific, Boston; Scouten, W. H., Methods in 
Enzymology 135:30-65, 1987; Harlow and Lane, Antibodies: A Laboratory Manual Cold 
Spring Harbor Laboratory, 1988; Haugland, 1996 Handbook of Fluorescent Probes and 
Research Chemicals-Sixth Ed., Molecular Probes, Eugene, Oreg, Scopes, R. K., Protein 
Purification: Principles and Practice, 1987, Springer-Verlag, NY; Hermanson, G. T et al 
Immobilized Affinity Ligand Techniques, 1992, Academic Press, Inc., NY; Luo et al 1998 
J. Biotechnol. 65:225 and references cited therein). Spectroscopic methods may be used to 
detect dyes (including, for example, colorimetric products of enzyme reactions), luminescent 
groups and fluorescent groups. Biotin may be detected using avidin or streptavidin, coupled 
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to a different reporter gmup (commonly a radioactive or fluorescent group or an enzyme) 
Enzyme reporter groups may generaUy be detected by the addition of substrate (generally for 
a specfic period of rime), Mowed by spectroscopic, spectiophotometric or otter analysis of 
me reaction produce. Standard and standard additions may be used to determine me level of 
. enzyme catalytic activity in a sample, using well known techniques. 

In one embodiment, the promoter regions for two or more OXPHOS-CR genes (or 
larger portions of such genes) may be operative* Imked to a reporter gene and used in a 
reporter gene-based assay to detect agents that enhance or diminish OXPHOS-CR gene 
expression, m such embodiments, the OXPHOS gene product is me mRNA or polypeptide 
encoded bytte reporter gene. Inaspecific embodiment, the recombinant fluoresce 
polypeptide comprises a polypeptide selected torn the group consisting of the green 
fluoresce protein (GFP), DsRed, ZFP538, mRFPl, BFP, CFP, VTP, mutants thereof or 
toctionauy-active ^gments thereof. GFP is described in U.S. Pat No. 5,4 91 ,084, whfie 
ZFP538 is descnbed m Zagranichny et al. Biochemistry. 2004;43(16):4764-72. 

to auomer specific embodiment me appropriate contiol comprises tire expression 

z r oxphos - cr gene ^ fa 06,18 ** «> «* *- «— - 

1! ! t W C ° ntaCted 2 *— ° f *° W — ^en 

contac ed wrm a second agent; or (d, a combination thereof. Alternatively, an appropriate 

contio. may be a measure of the gene product in the ceil prior to contacting with the agent In 
another embodiment, the level of gene expression of the OXPHOS-CR gene preduct in the 
cell can be compared with a standard (e.g., presence or absence of an OXPHOS-CR gene 
product) or numerical value detennined (e.g. fiom ana,ysis of otter samples, to collate with 
a normal or expected level of expression. 

OXPHol « B Hnb ° dimentS ' identiflCati0,1 ° f a8M,tS WUCh «- — » -f 

M^Z b f eneS1SCfflried ° U,taahi **^pu,fashion. When screening agen* in a 
htgh-thro ghpu, manner, such as when tea, compounds are screened for their effects on the 
cellular phenotype, arrays of cells may be prepared for paralle! handling of cells and regents 
Smn^fiweUmicmtiter which are Sfi mm by 129 mm, witt fi mm dianl w^' 
on a 9 mm prtch, may he used for compatibility with current automated .oading and robotic 
hand ta, systems. The microp,a,e is typicaUy 20 mm by 30 mm, witt ceU .ocations tta, are 
100-200 mrcrons m dunension on apitch of about 500 microns. Methods for making 
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microplates are described in U.S. Patent No. 6,103,479, incorporated by reference herein in 
its entirety. Microplates may consist of coplanar layers of materials to which cells adhere, 
patterned with materials to which cells will not adhere, or etched 3-dimensional surfaces of 
similarly pattered materials. For the purpose of the following discussion, the terms Veil' and 
microweir refer to a location in an array of any construction to which cells adhere and 
within which the cells are imaged. Microplates may also include fluid delivery channels in 
the spaces between the wells. The smaller format of a microplate increases the overall 
efficiency of the system by minimizing the quantities of the reagents, storage and handling 
during preparation and the overall movement required for the scanning operation. In addition, 
the whole area of the microplate can be imaged more efficiently. 

In specific embodiments, the test cell that is contacted with the agent may be a 
primary cell, a cell within a tissue, or a cell line. In a preferred embodiment, the test cell is a 
liver cell, a skeletal muscle cell, such as a C2C12 myoblast or a fat cell, such as 3T3-L1 
preadipocyte. 



In one embodiment, the method for identifying an agent that regulates expression of 
OXPHOS-CR genes comprises determining whether the expression of at least 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27 OXPHOS-CR gene ' 
products. In a preferred embodiment, the expression level of five or less OXPHOS-CR gene 
products is determined. In a specific embodiment, the OXPHOS-CR gene products are 
selected from the group consisting of NDUFB3, SDHA, NDUFA8, COX7A1, UQCRC1, 
NDUFC1, NDUFS2, ATPSO, NDUFS3, SDHB, NDUFS5, NDUFB6, COX5B, CYC1, ' 
NDUFA7, UQCRB, COX7B, ATP5L, COX7C, NDUFA5, GRIM 19, ATP5J, COX6A2 
NDUFB5, CYCS, NDUFA2 and HSPC051. In a specific embodiment, one of the OXPHOS- 
CR genes is ubiquinol cytochrome c reductase binding protein (UQCRB). In a preferred 
embodiment, the OXPHOS-CR gene products are human OXPHOS-CR products. The 
OXPHOS-CR genes whose expression level is determined may be encoded by (i) 
mitochondrial DNA (mtDNA); (ii) nuclear DNA; or (iii) a combination thereof. 

In one embodiment of the methods described herein for identifying agents which 
regulate the expression of OXPHOS-CR genes, the method further comprises determining if 
the agent regulates the expression of at least one gene which is not an OXPHOS-CR gene. In 
some embodiments, the method further comprises determining if the agent regulates the 
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expression of at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or 50 genes which are not an 
OXPHOS-CR genes. Such genes may be mitochondrial genes or, in preferred embodiments, 
not mitochondrial genes, such as actin genes. The expression level of another gene which is ' 
not an OXPHOS-CR gene may serve as an internal control, such that agents which 
specifically modulate the expression of an OXPHOS-CR gene may be identified. 

In other embodiments, a secondary screening step is performed on the agent. In a 
specific embodiment, the agent is tested in additional assays for its effects on mitochondrial 
ceU number or a mitochondrial function, such as coupled oxygen consumption. Such assays 
may comprise contacting a cell with the agent, measuring mitochondrial cell number or 
function, and comparing it to an appropriate control. U.S. Patent Publication No. 
20020049176 describes assays for determining mitochondrial mass, volume or number and 
U.S. Patent Publication No. 2002/0127536 describes assays for determining coupled oxygen 
consumption. Accordingly, in one embodiment, the agent being tested in the assays 
described herein additionally (a) increases the number of mitochondria in the test cell; (b) 
increases coupled oxygen consumption in the cell; (c) increases mtDNA copy number in the 
test cell; or (d) a combination thereof. ' 

Agents identified using the methods of the present invention may also be tested in 
model systems for their efficacy in inducing the desired biological response or in treating 
disorders. One example is high-fat diet induced obesity and insulin resistance. In another 
example, agents may also be tested for their efficacy in treating diabetes by using a non-obese 
diabetic (NOD) mouse. The successful use of this animal model in diabetic drug discovery is 
reported in the literature (Yang et al., J. Autoimmun. 10:257-260 (1997), Akashi et al Int 
Immunol. 9:1 159-1 164 (1997), Suri and Katz, Immunol. Rev. 169:55-65 (1999), Pak et al 
Autoimmunity 20:19-24 (1995), Toyoda and Formby, Bioessays 20:750-757 (1998) Cohen 
Res.Immunol. 148:286-291 (1997), Baxter and Cooke, Diabetes Metal. Rev. 11:315-335 
(1995), McDuffie, Curr. Opin. Immunol. 10:704-709 (1998), Shieh et al. Autoimmunity 
15:123-135 (1993), Anderson et al., Autoimmunity 15:113-122 (1993)). 

It is well understood by one skilled in the art that many of the methods described 
herein may be carried out using variants of the polypeptides described. Variants include 
truncated polypeptides, mutant polypeptides, such as those carrying point mutations, and 
fusions between domains of the subject polypeptides and other polypeptides. In some 
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embodiments, the subject polypeptides, or their domains, may be fused to reporter proteins, 
such as to GFP or to enzymes. In some embodiments of any of the methods described herein, 
the polypeptides used are 50, 60, 70, 80, 90, 95, 98 or 99% identical to the sequences 
referenced to in the various Genbanlc Accession numbers. 



a 



In the methods described herein for identifying an agent, the agent may comprise 
recombinant polypeptide, a synthetic molecule, or a purified or partially purified naturally 
occurring molecule. In a specific embodiment, the agent comprises a virus or a phage. In 
another embodiment, the agent is a nuclear hormone, such as estrogen, thyroid hormone, 
Cortisol, testosterone, and others. Additional agents include nucleic acids encoding nuclear 
hormone receptors. 



In another embodiment, the agent comprises a set of environmental conditions. The 
condition may be a physical condition of the environment in which the cell resides, a 
chemical condition of the environment, and/or a biological condition of the site. Exposure 
may be for any suitable time. The exposure may be continuous, transient, periodic, sporadic, 
etc. Physical conditions include any physical state of the examination site. The physical state 
may be the temperature or pressure of the sample, or an amount or quality of light 
(electromagnetic radiation) at the site. Alternatively, or in addition, the physical state may 
relate to an electric field, magnetic field, and/or particle radiation at the site, among others. 
Chemical conditions include any chemical aspect of the fluid in which the sample 
populations are disposed. The chemical aspect may relate to presence or concentration of a 
test compound or material, P H, ionic strength, and/or fluid composition, among others. 

Biological conditions include any biological aspect of the shared fluid volume in 
which cell populations are disposed. The biological aspects may include the presence, 
absence, concentration, activity, or type of cells, viruses, vesicles, organelles, biological 
extracts, and/or biological mixtures, among others. The assays described herein may screen a 
library of conditions to test the activity of each library member on a set of cell populations. A 
library generally comprises a collection of two or more different members. These members 
may be chemical modulators (or candidate modulators) in the form of molecules, ligands, 
compounds, transfection materials, receptors, antibodies, and/or cells (phages, viruses, whole 
cells, tissues, and/or cell extracts), among others, related by any suitable or desired common 
characteristic. This common characteristic may be "type." Thus, the library may comprise a 
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collection of two or more compounds, two or more different cells, two or more different 
antibodies, two or more different nucleic acids, two or more different ligands, two or more 
different receptors, or two or more different phages or whole cell populations distinguished 
by expressing different proteins, among others. This common characteristic also may be 
"function." THus, the library may comprise a collection of two or more binding partners (e g 
bgands and/or receptors), agonists, or antagonists, among others, independent of type. 

Library members may be produced and/or otherwise generated or collected by any 
suitable mechanism, including chemical synthesis in vitro, enzymatic synthesis in vitro 
and/or biosynthesis in a cell or organism. Chemically and/or enzymatically synthesized 
libraries may include libraries of compounds, such as synthetic oligonucleotides (DNA 
RNA, peptide nucleic acids, and/or mixtures or modified derivatives thereof) small 
molecules (about 100 Da to 10 KDa), peptides, carbohydrates, lipids, and/or so on. Such 
chemically and/or enzymatically synthesized libraries may be formed by directed syndesis of 
individual library members, combinatorial synthesis of sets of library members and/or 
random synthetic approaches. Library members produced by biosynthesis may include 
hbranes of plasmids, complementary DNAs, genomic DNAs, RNAs, viruses, phages cells 
proteins, peptides, carbohydrates, lipids, extracellular matrices, cell lysates, cell mixtures ' 
and/or materials secreted from cells, among other, Library members may be contact arrays 
of cell populations singly or as groups/pools of two or more members. 

Vni. Methods Of Identify ing T ranscr j n tion g l Regulators 

Another aspect of the invention provides methods of identifying transcriptional 
regulators. In some aspects, the invention provides methods of identifying transcriptional 
regulators which display differential activity between two cells. 

The invention provides a method of identifying a transcriptional regulator having 
differential activity between an experimental cell and a control cell, the method comprising 
(i) determining the level of gene expression of at least two genes in the experimental cell 
and m the control cell; (ii) ranking genes according to a difference metric of their 
expression level in the experimental cell compared to the control cell; (iii) identifying a 
subset of genes, wherein each gene in the subset contains the same DNA sequence motif 
(iv) testing via a nonparametric statistic if the subset of genes are enriched at either the top 
or the bottom of the ranking; (v) optionally reiterating steps (ii)- ( iii) for additional motifs- 
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(vi) for a subset of genes that is enriched, identifying a transcriptional regulator which binds 
to a DNA sequence motif that is contained in the subset of genes; thereby identifying a 
transcriptional regulator having differential activity between two cells. 

The methods provided by the invention for identifying transcriptional regulators with 
differential activity are not limited to any type of cell or to any type of difference between the 
two cell. The cells may be eukaryotic, prokaryotic, yeast, nematode, insect, mammalian or 
human cells. The cells may be primary cells, or cell lines. The cells may be in an organism. 
In one specific embodiment, the cells aye isolated from a subject. 

The control and the experimental cell may be the same type of cell or they may be 
different types of cells. In one embodiment, the experimental cell and the control cell are 
both cells derived from the same cell line or from the same tissue types. In some 
embodiments, the experimental cell and the control cell are from different organisms, such as 
from two different subjects. In some specific embodiments in which the cells are derived 
from the same organism, one cell is a normal cell and another cell is a diseased cell. For 
instance, one cell may be a cancer cell and one may be a non-cancer cell, or one cell may be a 
varus infected cell and one may be a non-infected cell. In some embodiments, both cells may 
be diseased cells, but differ in their disease states. For instance, the two cells may be 
hyperplastic cells but at different stages of cancer progression e.g. one cell may be a tumor 
cell and the other a metastatic cell derived from that tumor. Furthermore, the two cells may 
differ genetically or they may be clonal cells with essentially identical genotypes. One or 
both of the cells may be experimentally manipulated, such as by contacting one of the cells 
with an agent, or contacting both cells with an agent but at different concentrations. 

m some embodiments of the method, the subject from which one or both of the cells 
are derived in is afflicted with a disorder. The method is not limited by any particular 
disorder. In some specific embodiments, the disorder is a metabolic disorder or a 
hyperplastic condition. Hyperplastic conditions include renal cell cancer, Kaposi's sarcoma 
chronic leukemia, prostate cancer, breast cancer, sarcoma, pancreatic cancer, leukemia 
ovarian carcinoma, rectal cancer, throat cancer, melanoma, colon cancer, bladder cancer 
lymphoma, mastocytoma, lung cancer, mammary adenocarcinoma, pharyngeal squamous 
cell carcinoma, testicular cancer, gastrointestinal cancer, or stomach cancer, or a 
combination thereof. Additional disorders to which this method may be applied may be 
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found, for example, in Braunwald, E. et al. eds. Harrison's Principles of Internal Medicine 
1 5 Edition (McGraw-Hill Book Company, New York, 2001). 

In some embodiments, a transgene is introduced into the experimental cell The 
transgene may encode any protein, such as transcriptional regulators or proteins that regulate 
the activity of transcriptional regulators, such as kinase and phosphatases. The transgene 
may also encode an inhibitory RNA, such as a hairpin RNA, so that the function of the gene 
to which the hairpin RNA is directed may be knocked down, allowing a comparison of gene 
expression in between the two cells. In some embodiments, the transgenes is a transgene 
associated with a disease state. For example, a gene whose overexposing leads to cancer 
may be overexposed to identify transcriptional regulators expressing differential activity 
between the two cells. These transcriptional regulators may then be used as therapeutic 
targets for the treatment of cancer. In some embodiments, the transgene is a mutant 
transgene, such as a mutant transgene associated with a disease state. 

In some embodiments, the DNA sequence motif comprises at least 5, 6, 7, 8, 9, 10 
11. 12, 13, 14, 15, 16, 17, 18, 19, 20, or 25 nucleotides in length, preferably at 'least 5 The 
DNA sequence motif may be any combination of nucleotides, and it may represent a known 
bmdmg site or a novel binding site. In some embodiments, the DNA sequence motif 
comprises undefined nucleotide positions which may contain more than one base For 
mstance, a DNA sequence motif may comprise the sequence GATNNATC, wherein the 3* 
and 4 positions would include any of the four bases. Similarly, a DNA sequence motif 
comprising the sequence GAT(G/T)ATC would have a G or a T in the fourth position In 
some embodiments, DNA sequence motif comprises at least 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14 
15, 16, 17, 18, 19, or 20 defined positions. 

The method can be applied to any number of motifs. In one embodiment all 
permutations of DNA sequence motifs of at least 6, 7, 8 and 9 bases in length are' tested The 
number selected may depend on the number of genes in the subset, the computational 
capabilities available, and the size of the window in each gene in which the DNA sequence 
motif is search. 

The method is not limited to any particular method of measuring gene expression. In 
some embodiments, determining the level of expression of a gene in a cell comprises 
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damning to levels of mRNA for to gene fa to cell Any method known fa to art may 
be used to determine mRNA levels. In one embodiment, mRNA is isolated from to cell and 
to levels of mRNA for each gene fa the subset is determined by hybridizing to mRNA 'or 
cDNA derived from to mRNA, to a DNA microarray. 

In some embodiments of to methods described herein, identifying to transcriptional 
regulator which binds to a DNA sequence motif comprises searching a database comprising 
transcriptional regulators and DNA sequence motifs to which they bind. For example to 
TOANSFAC tran^fption factor database, maintained at to GBF Braunschweig, Germany 
defines sequence specific binding site patterns, or motifs, for transcription factor,. m anotor 
embodtment, to transcriptional regulator is identified by comparing to sequences identifier! 
to those found fa to literature. I, is understood by one skilled fa to art that more ton one 
transactional regulator may bind to a given DNA sequence motif, and therefore multiple 
transcnptional regulators may be identified. 

In some embodiment of to method described herein, identifying a transcriptional 
regulator which binds to a DNA sequence motif comprises expcrimentaUy identifying a 
transcriptional regulator which binds to to DNA sequence motif, fa one embodiment, mis ia 
acfaeved by These may be achieved by (i) identifying, from a library of genes a 
transcriptiona. regulator capable of driving to expression of a selecfabfe marker, wherein to 
expression of to aelectable marker is dependent on binding of to transcriptional regulator to 
to DNA sequence motif, fa a specific embodiment, a reporter gene ia introduced into a cell 
such as a mammalian cell or a yeaat cell, wherein to promoter of to reporter gene is 
operably linked to to DNA sequence motif. A pfasmid hbrary which comprises candidate 
transcnptional regulator genes is introduced fate to cells such that to transcriptional 
regulators are expressed fa to cell. If a transcriptional regulator is able to bind to to DNA 
sequence motif, it will facreaae or decreaae expression of the reporter gene, allowing 
rdentification of to cell expressing said regulator and thus allowing its identification fa a 
specrfic embodiment, a yeast one-hybrid approach, or other approaches well known to one 
sktlled m the art, is used to identify a transcriptional regulator which binds to to DNA 
sequence motif (Vfdal M et al. Nucfeic Acids Res. I999 ; 27(4):9 19 -29, Kadonaga e, al 
(1986) Proe. Nafl Acad Sci. USA, 83, 5889-5893.. Singh et el.. (1988) Cell, 52 415-423- 
Chong. IA et al.(,997) In Bartef, PX. and Ffelds, S. (cos), The Yeaa, Two-Hybrid System. 
Oxfard Umversrty Press, New York, NY, pp. 289-297). Transcriptional regulators may also 
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be identified based on its binding affinity for the DNA sequence motif, such by standard 
affinity chromatography. 

In some embodiments, the non-parametric statistic is a nonparametric, rank sum 
statistic. In specific embodiments, the non-parametric statistic is selected from the group 
consisting of a Kolmogorov-Smirnov, Mann-Whitney or Wald-Wolfowitz. Non-parametric 
statistics are well-known in the art (David J. Sheskin,, Handbook of Parametric and 
Nonparametric Statistical Procedures, CRC Press, 2003; Myles Hollander, Douglas A Wolfe 
Nonparametric Statistical Methods, Wiley, John & Sons, Inc., 1998; Larry Wasserman All ' 
of Statistics, Springer-Verlag New York, Incorporated, 2003). In some embodiments the 
difference metric is a difference in arithmetic means, t-test scores, or signal to noise ratios 
In some embodiments, a gene set is said to be enriched if the probability that the gene set 
would be enriched by chance, or when compared to an appropriate null hypothesis, is less 
than 0.05, 0.04, 0,03, 0.02, 0.01, 0.005, 0.0001, 0.00005 or 0.00001. 

In some embodiments where the experimental cell expresses a recombinant transgene 
such as a recombinant transcriptional regulator, the recombinant transcriptional regulator 
may itself be found to have differential activity. In other embodiments where the 
experimental cell expresses a recombinant transgene, the method may yield transcriptional 
regulators whose activity or expression is itself regulated by the recombinant transcriptional 
regulator, and if a recombinant transcriptional regulator is used whose activity is related to a 
disease state is used, identification of transcriptional regulators having differential activity 
between the two cells may yield therapeutic targets to treat the disorder. 

IX. Biomarker Set En richment Analysis (BSF.A) 

One aspect of the invention provides methods of detecting statistically-significant 
differences in the expression level of at least one biomarker belonging to a biomarker set 
between the members of a first and of a second experimental group. Applicants have named 
this new analytical technique Biomarker Set Enrichment Analysis (BSEA), or Gene Set 
Enrichment Analysis (GSEA) when the biomarker is a gene or a gene product. 

GSEA may be valuable in efforts to relate genomic variation to disease and measures 
of total body physiology. Single-gene methods are powerful only where the individual gene 
effect is dramatic and the variance small, which may not be the case in many disease states 



-53- 



WO 2005/003766 

PCT/US2004/019017 

Methods like GSEA are complementary, and provide a framework with whieh to examine 
changes operating at a higher level of biological organization. This may be needed if 
common, complex disorders typically resnlt from modest variation in the expression or 
activity of multiple members of a pathway e.g. gene (biomarker) seta. As gene seta are 
systematically assembled using functional and genomic approaches, methods anch as GSEA 
wril tikely be valuable in detecting coordinated but subtle variation in gene function that 
contribute to common human diseases. Accordingly, in a preferred embodiment, the methods 
detect statistically-significant differences in the expression level in more man one biomarker. 

Oneaspectoftheinventionprovidesa method of detecting statistieally-significant 
dtfferences in the expression level of at least one biomarker belonging to a biomarker set 
between the members of a first and of a second experimental group, comprising: (a) ' 
obtemmg abiomarker sample from members of the firs, and the second experiments! groups- 
00 detennming, for each biomarker sample, the expression levels of at leas, one biomarker ' 
belongmg to the biomarker set and of at least one biomarker not belonging to the set- (c) 
generatingarank order of each biomarker sccordingto a difference metiic of ite expression 
level tn the first experimental group compared to the second experimental group- (d) 
calculating an experimental enrichment score for the biomarker set by ap P .ying a non 
parametnc statistic; and (e) comparing the experimental enrichment score with a distribution 
of randomized enrichment scores to calculate the fraction of randomized enrichment scores 
greater than the experimental enrichment score, wherein a low fraction indicates a 
statistically-significant difference in the expression leve. of the biomarker set between the 
members of the first and of the second experimental group. 

hi one embodiment of the foregoing methods, the distribution of randomized 
enrtchmen. scores is generate* by randomly pemtutating the assignment of each biomarker 
sam pl e to the first or to the second experimental group; (ii) generating a tank otder of each 
btomarker according to the absolute value of a difference metric of its expression level in the 
first expernnental group compared to the seeond experimental group; (iii) calculating an 
expenmental enrichment score for the biomarker set by appiying a non parametric statistic to 
the rank order; and (iv) repeating steps (i), (if) and (iii) a number of times sufficient to 
generate the distiibution of randomized enrichment scores. In a specific embodiment the 
number of times sufficient to generate a distribution is at least 20, 30, 40, 50, 60 70 80 90 
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100, 150, 200 or 500 times. In another specific embodiment, me low fraction is less man 
0.05, while in other embodiments it is leas than 0.04, 0.03, 0.02, 0.01, 0.005 or 0.001. 

In one embodiment of the foregoing methods, the distribution of randomized 
ennehment scores is a normal distribution. The difference metric may be any difference 
metnc, such as a difference in arithmetic means, a difference in Meat scorns, or a difference 
m signal-to-noise ratio. Similarly, me non-parametnc statistic may be any non-parametric 
statistic, such Mann-Whitney, Wald-Wolfowitz or more prefemb.y Kolmogorov-Smirnov. 

The biomarker set typically comprises elements of a pathway, such as a metabolic 
pathway, a biochemical pathway, a signaling pathway, or any set of genes which share a 
common biological function or which are coordinate* regulated. In a preferred embodiment 

mebiomarkerisselectedfommegmupeonsistingofanucleicaeid.apolypeptide a 
metabolite and a genotype. For example, when the biomarker set comprises genes encoding 
enzymes of a metabolic pathway, such as glycolytic enzymes, the biomarkers may comprise 
the genotype of the glycolytic genes. In the embodiment where the biomarker is a genotype 
the genotype of all or a subset of the glycolytic genes may be detenmned by DNA 
sequencing, and the expression level of the genotype would correspond to the anronn, of 
polymoiphicDNAO. 0, 1 or 2 copies ofawild-type copy of the gene for a diploid cell or 
organism. Alternatively, the number of mutant copies, or ofaspecific mutation, can be used 
in detenninmg the expression level of the genotype. 

In other embodiments where the biomarker is fhe mRNA of each of, or of a subset of 
the glycolytic enzymes, the expression level of the mRNA may be detemtined or the 
expression level of a particular splice isofotm, using methods well known in the art, such as 
by northern blots or microarray analysis. In other embodiment!! where the biomarker is the 
protem of each of, or of a subs., of, the glycolytic enzymes, the level of expression may 
comprise mta. protein levels or levels of a parucu.ar modified form of the protein, such as the 
level of phosphorylated or glycated protein, bom of which maybe determined using 
—logical techniques. Finally, when the biomarker is a metabolite, such as the product 
whose fonnation is catalyzed by me glycolytic enzyme, the expression level of me metabolite 
is its concentration in the biomarker sample, such as its cellular concentration. Metabolite 
levels may be determined using chromatographic means or other means well known in tie 
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art. The reference to the glycohtic pathway in the examples above is meant to be illustrative 
and non-limiting, or the same principles may apply to any other pathway or biomarker set. 

In one embodiment, experimental groups comprise organisms, such as mammals, or 
more preferably humans. In such embodiments, the sample from the biomarker sample 
comprises a sample of cells from the organism, or a sample of bodily fluid, such as serum 
saliva, tears, sweat or semen. The difference between the first and second experimental 
groups may be a disease state. For example, the first experimental group may be afflicted 
with a disease or disorder, while the second group is not. In a specific embodiment the 
disorder is characterized by defective glucose metabolism, such as type H diabetes In 
another embodiment where the experimental groups comprise organisms, the first and second 
experimental groups may differ by any measurable characteristic. For example, the groups 
may differ by a physical characteristic, such as weight, age, sex, sexual preference, eyesight 
percent body fat, percent lean muscle mass, height, right vs. left handedness or race The 
groups may also differ by a psychological characteristic, such as intelligence, verbal skills 
emotional intelligence and even personality types, such those determined by the Myers- 
Bnggs Type Indicator. The groups may also differ by emotional state, such as relaxed vs 
emotionally stressed subjects, or cheerful vs. gloomy subjects. The subjects may also differ 
by the presence or absence of one or more mutations, such as subjects having mutations in an 
oncogene. In another embodiment, the two experimental groups differ in that one group has 
been treated with at least one agent, such as a drug. 

In another embodiment, experimental groups comprise cells. The cells may comprise 
primary cells, cell lines, or come in the form of tissue samples. As described above for 
organisms, the cells in the two experimental groups may differ by a physical characteristic or 
differ genetically. In a preferred embodiment, the two experimental groups differ in that the 
cells in one of the experimental groups have been treated with an agent, such as with a 
compound or drug. In such embodiments, the methods described herein may be used to 
detect subtle changes that the agent may have on the biomarker set, such as a biochemical or 
signaling pathway. 

X. Nucleic acid and Pol ypeptide A ff »n»c 

In some of embodiments of methods described herein, an agent which reduces the 
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expression of Errcc, Gabpa, Gabpb, or any other gene, or an genet used in any of the methods 
of screening agents described herein, comprises a double stranded RNAi molecule, a 
ribozyme, or an antisense nucleic acid directed at said gene. 

Certain embodiments of the invention make use of materials and methods for 
effecting knockdown of one form of a gene, by means of RNA interference (RNAi). RNAi is 
a process of sequence-specific post-transcriptional gene repression which can occur in 
eukaryotic cells. In general, this process involves degradation of an mRNA of aparticular 
sequence induced by double-stranded RNA (dsRNA) that is homologous to that sequence. 
For example, the expression of a long dsRNA corresponding to the sequence of aparticular 
single-stranded mRNA (ss mRNA) will labilize that message, thereby "interfering" with 
expression of the corresponding gene. Accordingly, any selected gene may be repressed by 
introducing a dsRNA which corresponds to all or a substantial part of the mRNA for that 
gene. It appears that when a long dsRNA is expressed, it is initially processed by a 
ribonuclease m into shorter dsRNA oligonucleotides of in some instances as few as 21 to 22 
base pairs in length. Furthermore, RNAi may be effected by introduction or expression of 
relatively short homologous dsRNAs. Indeed the use of relatively short homologous dsRNAs 
may have certain advantages as discussed below. 

Mammalian cells have at least two pathways that are affected by double-stranded 
RNA (dsRNA). In the RNAi (sequence-specific) pathway, the initiating dsRNA is first 
broken into short interfering (si) RNAs, as described above. The siRNAs have sense and 
antisense strands of about 21 nucleotides that form approximately 19 nucleotide si RNAs 
with overhangs of two nucleotides at each 3' end. Short interfering RNAs are thought to 
provide the sequence information that allows a specific messenger RNA to be targeted for 
degradation. In contrast, the nonspecific pathway is triggered by dsRNA of any sequence, as 
long as it is at least about 30 base pairs in length. The nonspecific effects occur because ' 
dsRNA activates two enzymes: PKR, which in its active form phosphorylates the translation 
initiation factor eIF2 to shut down all protein synthesis, and 2>, 5' oligoadenylate synthetase 
(2', 5'-AS), which synthesizes a molecule that activates RNAse L, a nonspecific enzyme that 
targets all mRNAs. The nonspecific pathway may represents a host response to stress or viral 
infection, and, in general, the effects of the nonspecific pathway are preferably nunimized 
under preferred methods of the present invention. Significantly, longer dsRNAs appear to be 
required to induce the nonspecific pathway and, accordingly, dsRNAs shorter than about 30 
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bases pairs are preferred to effect gene repression by RNAi (see Hunter et al. (1975) J Biol 
Chem 250: 409-17; Manche et al. (1992) Mol Cell Biol 12: 5239-48; Minks et al. (1979) J 
BiolChem254: 10180-3; and Elbashir etal. (2001) Nature 411: 494-8). 

RNAi has been shown to be effective in reducing or eliminating the expression of a 
gene in a number of different organisms including Caenorhabditis elegans (see e.g. Fire et al. 
(1998) Nature 391 : 806-1 1), mouse eggs and embryos (Wianny et al. (2000) Nature Cell Biol 
2: 70-5; Svoboda et al. (2000) Development 127: 4147-56), and cultured RAT-1 fibroblasts 
(Bahramina et al. (1999) Mol Cell Biol 19: 274-83), and appears to be an anciently evolved 
pathway available in eukaryotic plants and animals (Sharp (2001) Genes Dev. 15: 485-90) 
RNAi has proven to be an effective means of decreasing gene expression in a variety of cell 
types including HeLa cells, NIH/3T3 cells, COS cells, 293 cells and BHK-21 cells, and 
typically decreases expression of a gene to lower levels than that achieved using antisense 
techniques and, indeed, frequently eliminates expression entirely (see Bass (2001) Nature 
411: 428-9). In mammalian cells, siRNAs are effective at concentrations that are several 
orders of magnitude below the concentrations typically used in antisense experiments 
(Elbashir et al. (2001) Nature 41 1 : 494-8). 

The double stranded oligonucleotides used to effect RNAi are preferably less than 30 
base pairs in length and, more preferably, comprise about 25, 24, 23, 22, 21, 20, 19, 18 or 17 
base pairs of ribonucleic acid. Optionally the dsRNA oligonucleotides of the invention may 
includes' overhang ends. Exemplary 2-nucleotide 3' overhangs may be composed of 
ribonucleotide residues of any type and may even be composed of 2'-deoxythymidine 
resides, which lowers the cost of RNA synthesis and may enhance nuclease resistance of 
siRNAs in the cell culture medium and within transfected cells (see Elbashi et al. (2001) 
Nature 41 1:494-8). Ixmger dsRNAs of 50, 75, 100 or even 500 base pairs or more may also 
be utihzed in certain embodiments of the invention. Exemplary concentrations of dsRNAs 
for effecting RNAi are about 0.05 nM, 0. 1 nM, 0.5 nM, 1 .0 nM, 1 .5 nM, 25 nM or 100 nM 
although other concentrations may be utilized depending upon the nature of the cells treated 
the gene target and other factors readily discernable to the skilled artisan. Exemplary 
dsRNAs may be synthesized chemically or produced in vitro or in vivo using appropriate 
expression vectors. Exemplary synthetic RNAs include 21 nucleotide RNAs chemically 
synthesized using methods known in the art (e.g. Expedite RNA phophoramidites and 
thymidine phosphoramidite (Proligo, Germany). Synthetic oligonucleotides are preferably 
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unprotected and gel-purified using methods known in the art (see e.g. Elbashir et al. (2001) 
Genes Dev. 15: 188-200). Longer RNAs may be transcribed from promoters, such as T7 
RNA polymerase promoters, known in the art. A single RNA target, placed in both possible 
orientations downstream of an in vitro promoter, will transcribe both strands of the target to 
create a dsRNA oligonucleotide of the desired target sequence. For example, if Err* is the 
target of the double stranded RNA, any of the above RNA species will be designed to include 
a portion of nucleic acid sequence of the Erra gene. 

The specific sequence utilized in design of the oligonucleotides may be any 
contiguous sequence of nucleotides contained within the expressed gene message of the 
target. Programs and algorithms, known in the art, may be used to select appropriate target 
sequences. In addition, optimal sequences may be selected utilizing programs designed to 
predict the secondary structure of a specified single stranded nucleic acid sequence and 
allowing selection of those sequences likely to occur in exposed single stranded regions of a 
folded mRNA. Methods and compositions for designing appropriate oligonucleotides may be 
found, for example, in U.S. Patent Nos. 6,251,588, the contents of which are incorporated 
herein by reference. Messenger RNA (mRNA) is generally thought of as a linear molecule 
which contains the information for directing protein synthesis within the sequence of 
ribonucleotides, however studies have revealed a number of secondary and tertiary structures 
that exist in most mRNAs. Secondary structure elements in RNA are formed largely by 
Watson-Crick type interactions between different regions of the same RNA molecule 
Important secondary structural elements include intramolecular double stranded regions 
hairpin loops, bulges in duplex RNA and internal loops. Tertiary structural elements are 
formed when secondary structural elements come in contact with each other or with single 
stranded regions to produce a more complex three dimensional structure. A number of 
researchers have measured the binding energies of a large number of RNA duplex structures 
and have derived a set of rules which can be used to predict the secondary structure of RNA 
(see e.g. Jaeger et al. (1989) Proc. Natl. Acad. Sci. USA 86:7706 (1989); and Turner et al 
(1988) Annu. Rev. Biophys. Biophys. Chem. 17:167). The rules are useful in identification of 
RNA structural elements and, in particular, for identifying single stranded RNA regions 
which may represent preferred segments of the mRNA to target for silencing RNAi 
nbozyme or antisense technologies. Accordingly, preferred segments of the mRNA target 
can be identified for design of the RNAi mediating dsRNA oligonucleotides as well as for 
design of appropriate ribozyme and hammerhead ribozyme compositions of the invention 
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The dsRNA oligonucleotides may be introduced into the cell by transfection with an 
heterologous target gene using carrier compositions such as liposomes, which are known in 
the art- e.g. Lipofectamine 2000 (Life Technologies) as described by the manufacturer for 
adherent cell lines. Transfection of dsRNA oligonucleotides for targeting endogenous genes 
may be carried out using Ohgofectamine (Life Technologies). Transfection efficiency may 
be checked using fluorescence microscopy for mammalian cell lines after co-transfection of 
hGFP-encoding pAD3 (Kehlenback et al. (1998) J Cell Biol 141: 863-74). The effectiveness 
of the RNAi may be assessed by any of a number of assays following introduction of me 
dsRNAs. Further compositions, methods and applications of RNAi technology are provided 
m U.S. Patent Nos. 6,278,039, 5,723,750 and 5,244,805, which are incorporated herein by 
reference. 

Ribozyme molecules designed to catalytically cleave Erra or Gabpa mRNA 
transcripts can also be used to prevent translation of Erra or Gabpa (see e g PCT 
International Publication WO90/1 1364, published October 4, 1990; Sarveretal (1990) 
Science 247:1222-1225 and U.S. Patent No. 5,093,246). Ribozymes are enzymatic RNA 
molecules capable of catalyzing the specific cleavage of RNA. (For a review, see Rossi 
(1994) Current Biology 4: 469-471). The mechanism of ribozyme action involves sequence 
specific hybridization of the ribozyme molecule to complementary target RNA, followed by 
an endonucleolytic cleavage event The composition of ribozyme molecules preferably 
includes one or more sequences complementary to the gene whose activity is to be reduced. 

While ribozymes that cleave mRNA at site specific recognition sequences can be used 
to destroy target mRNAs, the use of hammerhead ribozymes is preferred. Hammerhead 
ribozymes cleave mRNAs at locations dictated by flanking regions that form complementary 
base pairs with the target mRNA. Preferably, the target mRNA has the following sequence 
oftwobases: 5>-UG-3>. The construction and production of hammerhead ribozymes is well 
known m the art and is described more fully in Haseloff and Gerlach (1988) Nature 334-585 
591 ; and see PCT Appln. No. WO89/05852, the contents of which are incorporated herein by 
reference). Hammerhead ribozyme sequences can be embedded in a stable RNA such as a 
transfer RNA (tRNA) to increase cleavage efficiency in vivo (Perriman et al. (1995) Proc 
Natl. Acad. Sci. USA, 92: 6175-79; de Feyter, and Gaudron, Methods in Molecular Biology 
Vol. 74, Chapter 43, "Expressing Ribozymes in Plants", Edited by Turner, P. C, Humana ' 
Press Inc., Totowa, N.J). In particular, RNA polymerase Ill-mediated expression of tRNA 
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fusion ribozymes are well known in the art (see Kawasaki et al. (1998) Nature 393: 284-9; 
Kuwabara et al. (1998) Nature Biotechnol. 16: 961-5; and Kuwabara et al. (1998) Mol. Cell 
2: 617-27; Koseki et al. (1999) J Virol 73: 1868-77; Kuwabara et al. (1999) Proc Natl Acad 
Sci USA 96: 1886-91; Tanabe et al. (2000) Nature 406: 473-4). There are typically anumber 
of potential hammerhead ribozyme cleavage sites within a given target cDNA sequence. 
Preferably the ribozyme is engineered so that the cleavage recognition site is located near the 
5' end of the target mRNA- to increase efficiency and minimize the intracellular 
accumulation of non-functional mRNA transcripts. Furthermore, the use of any cleavage 
recognition site located in the target sequence encoding different portions of the C-terminal 
amino acid domains of, for example, long and short forms of target would allow the selective 
targeting of one or the other form of the target, and thus, have a selective effect on one form 
of the target gene product. 

In addition, ribozymes possess highly specific endoribonuclease activity, which 
autocatalytically cleaves the target sense mRNA. The present invention extends' to ribozymes 
which hybridize to a sense mRNA encoding a Erra or Gabpa or any other genes of interest 
described herein, thereby hybridizing to the sense mRNA and cleaving it, such that it is no 
longer capable of being translated to synthesize a functional polypeptide product. 

The ribozymes of the present invention also include RNA endoribonucleases 
(hereinafter "Cech-type ribozymes") such as the one which occurs naturally in Tetrahymena 
thermophila (known as the TVS, or L-19 TVS RNA) and which has been extensively " 
described by Thomas Cech and collaborators (Zaug, et al. (1984) Science 224:574-578; Zaug 
et al. (1986) Science 231:470-475; Zaug, et al. (1986) Nature 324:429-433; published ' 
International patent application No. WO88/04300 by University Patents Inc.; Been et al 
(1986) Cell 47:207-216). The Cech-type ribozymes have an eight base pair active 'site which 
hybridizes to a target RNA sequence whereafter cleavage of the target RNA takes place. The 
invention encompasses those Cech-type ribozymes which target eight base-pair active site 
sequences that are present in a target gene or nucleic acid sequence. 

Ribozymes can be composed of modified oligonucleotides (e.g., for improved 
stability, targeting, etc.) and should be delivered to cells which express the target gene in 
vivo. A preferred method of delivery involves using a DNA construct "encoding" the 
ribozyme under the control of a strong constitutive pol HI or pol H promoter, so that 
transfected cells will produce sufficient quantities of the ribozyme to destroy endogenous 
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target messages and inhibit translation. Because ribozymes, unlike antisense molecules, are 
catalytic, a lower intracellular concentration is required for efficiency. 

In a long target RNA chain, significant numbers of target sites are not accessible to 
the ribozyme because they are hidden within secondary or tertiary structures (Birikh et al. 
(1997) Eur J Biochem 245: 1-16). To overcome the problem of target RNA accessibility, 
computer generated predictions of secondary structure are typically used to identify targets 
that are most likely to be single-stranded or have an "open" configuration (see Jaeger et al. 
(1989) Methods Enzymol 183: 281-306). Other approaches utilize a systematic approach to 
predicting secondary structure which involves assessing a huge number of candidate 
hybridizing oligonucleotides molecules (see Milner et al. (1997) Nat Biotechnol 15: 537-41; 
and Patzel and Sczakiel (1998) Nat Biotechnol 16: 64-8). Additionally, U.S. Patent No. 
6,251,588, the contents of which are hereby incorporated herein, describes methods for 
evaluating oligonucleotide probe sequences so as to predict the potential for hybridization to 
a target nucleic acid sequence. The method of the invention provides for the use of such 
methods to select preferred segments of a target mRNA sequence that are predicted to be 
single-stranded and, further, for the opportunistic utilization of the same or substantially 
identical target mRNA sequence, preferably comprising about 10-20 consecutive nucleotides 
of the target mRNA, in the design of both the RNAi oligonucleotides and ribozymes of the 
invention. 



In other embodiments of methods described herein, an agent which modulates the 
activity of Errct, Gabpa, Gabpb, or any other gene, comprises an antibody or fragment 
thereof. An antibody may increase or decrease the activity of any of the subject polypeptides, 
and it may increase or decrease the binding of two proteins into a complex, such as an 
Erra/PCG-la complex. 

Chickens, mammals, such as a mouse, a hamster, a goat, a guinea pig or a rabbit, can 
be immunized with an immunogenic form of the Erra, Gabpa, Gabpb, or any polypeptide 
provided by the invention, or with peptide variants thereof (e.g., an antigenic fragment which 
is capable of eliciting an antibody response). Techniques for conferring immunogenicity on a 
protein or peptide include conjugation to carriers or other techniques well known in the art. 
For instance, a peptidyl portion of one of the subject proteins can be administered in the 
presence of adjuvant. The progress of immunization can be monitored by detection of 
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antibody titers in plasma or serum. Standard ELISA or other immunoassays can be used with 
the immunogen as antigen to assess the levels of antibodies. 

Following immunization, antisera can be obtained and, if desired, polyclonal 
antibodies against the target protein can be further isolated from the serum. To produce 
monoclonal antibodies, antibody producing cells (lymphocytes) can be harvested from an 
immunized animal and fused by standard somatic cell fusion procedures with immortalizing 
cells such as myeloma cells to yield hybridoma cells. Such techniques are well known in the 
art, and mclude, for example, the hybridoma technique (originally developed by Kohler and 
Milstein, Nature, 256: 495-497, 1 975), as well as the human B cell hybridoma technique 
CKozbar et al. t Immunology Today, 4: 72, 1983), and the EBV-hybridoma technique to 
produce human monoclonal antibodies (Cole et al, Monoclonal Antibodies and Cancer 
Therapy, Alan R. Liss, Inc. pp. 77-96, 1985). Hybridoma cells can be screened 
mununochemically for production of antibodies specifically reactive to the peptide 
immunogen and the monoclonal antibodies isolated. Accordingly, another aspect of the 
invention provides hybridoma cell lines which produce the antibodies described herein The 
antibodies can then be tested for their effects on the activity and expression of the protein to 
which they are directed. 

The term antibody as used herein is intended to include fragments which are also 
specifically reactive with a protein described herein or a complex comprising such protein 
Antibodies can be fragmented using conventional techniques and the fragments screened in 
the same manner as described above for whole antibodies. For example, F(ab') 2 fragments 
can be generated by treating antibody with pepsin. The resulting F(ab') 2 fragment can be 
treated to reduce disulfide bridges to produce Fab' fragments. The antibody of the present 
invention is further intended to include bispecific and chimeric molecules, as well as single 
chain (scFv) antibodies. 

The subject antibodies include trimeric antibodies and humanized antibodies, which 
can be prepared as described, e.g., in U.S. Patent No: 5,585,089. Also within the scope of the 
invention are single chain antibodies. All of these modified forms of antibodies as well as 
fragments of antibodies are intended to be included in the term "antibody". 

In yet another embodiment of the methods described herein, the agent is a 
polypeptide, such as an Erra polypeptide or a Gabp polypeptide, or a fragment thereof which 
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retains a biological activity or which antagonizes a biological activity of the wild-type 
polypeptide. For example, an Erra stimulatory agent comprises an active Erra protein, a 
nuclexc acid molecule encoding Erra that has been introduced into the cell. In another 
embodiment, the agent is a mutant polypeptide which inhibits Erra protein activity. 
Examples of such inhibitory agents include a nucleic acid molecule encoding a dominant 
negative Erra a protein, such a fragment of Erra which may compete with wildtype Erra 
protein for DNA binding or complex formation with PGC-la. 

XI. Therapeutics 

In one aspect, the invention provides methods of treating disorders in a subject 
comprising the administration of a agen, or of a composition comprising an agen, such as a 
^erapeuhc agent "Therapeutic agenf • or "therapeutic- refers ,o an agen, capable of having a 
dosrreo bro.og.caf effect on a host Chem„«herapeutic and genotoxic agents are examples of 
therapeutic agents tha, are generally known ,o be chemical in origin, as opposed to biological 
or cause a therapeutic effect by a particmar mechanism of action, respective*. Examples of ' 
therapeuttc agents of biological origin include growfl. factors, hormones, and cytokines A 
vanety of therapeutic agents are known in the ar, and may be identified by their effects 
Certam therapeutic agents are capable of regulating cell proliferation and differentiation 
Examples include chemotherapeutic nucleotides, drugs, hormones, non-specific (non- ' 
antibody) proteins, oligonucleotides (e.g., antisense oligonucleotides mat bind to a target 
nucleic acid sequence (e.g., mKNA sequence)), peptides, and peptidomimetics. 

In one embodiment, tire compositions are phannaceutical compositions 
Phannaceutical compositions for use in accordance with me present invention may be 
formulated in conventional manner using one or more phyaiofogtauly acceptable euniem or 
extents. Thus, the compounds and tteir physiologically acceptable salts and solvates may 
be formmatod for adminiauation by, for example, by aerosol, intiavenoua, oral or topical 
route. The administration may comprise taraleaional, intraperitoneal, subcutaneous 
rn.ramuscu.ar or intiavenoua injection; infusion; Hposome-n.edia.ed detivery; topical 
mtrathecal, gingival pocket, per rectum, intiabmnchial, nasal, transmural, inte^, oral 
ocular or otic delivery. ' 

An exemplary composition of tire invention comprises an compound capable of 
modulating tire expression or activity of a transcriptional regulator, such as a MCI, Gabp or 
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Erra polypeptide, with a delivery system, such as a liposome system, and optionally 
mcluding an acceptable excipient. In a preferred embodiment, the composition is formulated 
for injection. 

Techniques and formulations generally may be found in Remmington's 
Pharmaceutical Sciences, Meade Publishing Co., Easton, PA. For systemic administration 
injection is preferred, including intramuscular, intravenous, intraperitoneal, and 
subcutaneous. For injection, the compounds of the invention can be formulated in liquid 
solutions, preferably in physiologically compatible buffers such as Hank's solution or 
Ringer's solution. In addition, the compounds may be formulated in solid form and 
redissolved or suspended immediately prior to use. Lyophilized forms are also included. 

For oral adrninistration, the pharmaceutical compositions may take the form of for 
example, tablets or capsules prepared by conventional means with pharmaceutical^ ' 
acceptable excipients such as binding agents (e.g., pregelatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose 
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium 
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate)- or 
wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well 
known m the art. Liquid preparations for oral administration may take the form of, for 
example, solutions, syrups or suspensions, or they may be presented as a dry product for 
constitution with water or other suitable vehicle before use. Such liquid preparations may be 
prepared by conventional means with pharmaceutically acceptable additives such as 
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats)- 
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., ationd oil, oily esters 
ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p- ' 
hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts, flavoring 
coloring and sweetening agents as appropriate. ' 

Preparations for oral administration may be suitably formulated to give controlled 
release of the active compound. For buccal administration the compositions may take the 
form of tablets or lozenges formulated in conventional manner. For administration by 
inhalation, the compounds for use according to the present invention are conveniently 
delivered in the form of an aerosol spray presentation from pressurized packs or anebuliser 
with the use of a suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane ' 
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dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurized 
aerosol the dosage unit may be determined by providing a valve to deliver a metered amount 
Capsules and cartridges of e.g., gelatin for use in an inhaler or insufflator may be formulated 
containing a powder mix of the compound and a suitable powder base such as lactose or 
starch. 

The compounds may be formulated for parenteral administration by injection e g by 
bolus injection or continuous infusion. Formulations for injection may be presented in unit 
dosage form, e.g., in ampoules or in multi-dose containers, with an added preservative The 
compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous 
vehicles, and may contain formulatory agents such as suspending, stabilizing and/or 
dispersing agents. Alternatively, the active ingredient may be in powder form for 
constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before 



The compounds may also be formulated in rectal compositions such as suppositories 
or retention enemas, e.g., containing conventional suppository bases such as cocoa butter or 
other glycerides. 

In addition to the formulations described previously, the compounds may also be 
formulated as a depot preparation. Such long acting formulations may be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramuscular injection 
Thus, for example, the compounds may be formulated with suitable polymeric or 
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt. 

Systemic administration can also be by transmucosal or transdermal means For 
transmural or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known in the art and 
include, for example, for transmucosal administration bile salts and fusidic acid derivatives 
in addition, detergents may be used to facilitate permeation. Transmucosal administration 
may be through nasal sprays or using suppositories. For topical administration, the oligomers 
of the invention are formulated into ointments, salves, gels, or creams as generally known in 
the art. A wash solution can be used locally to treat an injury or inflammation to accelerate 
healing. 

The compositions may, if desired, be presented in a pack or dispenser device which 
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may contain one or more unit dosage form, containing the active ingredient. The pack may 
for example comprise metal or plastic foil, such as a blister pack. The pack or dispenser 
device may be accompanied by instructions for administration. 

For therapies involving the administration of nucleic acids, the oligomer of the 
mvennon can be fotmulated for a variety of modes of administration, including systemic and 
toptoal or localized administration. Techniques and fonnulations generally may be found in 
Remmmgton's Pharmaceutical Sciences, Meade Publishing Co.. Easton, PA. For systemic 
adnumstration, injection is prefen-ed, including intramuscular, intravenous, intraperitoneal 
tntianodal, and subcutaneous for injection, the oligomers of the invention can be formulated 
m hqutd solutions, preferably in physiologically compatible buffers such as Hank's solution 
or anger's solution. In addition, the oligomers may be fonnnlated in solid form and 
redtssolved or suspended immediately prior to use. Lyophilized forms are also included. 

Systemic administration can also be by transmucosal or transdennal means, or the 
compounds can be administered orally. For transmucosal or transdennal adnrinistration 
penetrants appropriate to the barrier to be permeated are used in the fonnulation Such ' 
penetiants are generaUy known in the art, and include, for example, for transmucosal 
admmistration bile salts and fosidic acid derivatives. In addition, detergents may be used ,o 
facthtate penneation. Transmucosal adnnnistiation may be through nasal sprays or using 
supposttories. For oral administration, the oligomers are fonnnlated into conventional oral 
admnnstration forms such as capsules, tablets, and tonics. For topical administration 
ohgomem may be fonnnlated into ointments, salves, gels, or creams as genentily known in 
the art 



Toxtcny and therapeutic efficacy of the agents and compositions of the present 
mvention can be detetmined by standard phamtaceutical procedures in cell cultures or 
expenmental animals, e.g„ for determining the LD50 (the dose lethal to 50% of the 
population) and the ED50 (the dose therapeutically effective in 50% of the population) The 
dose ratio between toxic and therapeutic effects is the therapeutic index and it can be 
expressed as tire ratio IX.50/ED50. Compounds which exhibit large therapeutic induces are 
preferred. While compounds mat exhibit toxic side effects may be used, care should be taken 
to destgn a delivery system that targete such compounds to the site of affected tissue in order 
to mumnize potential damage to uninfected cells and, thereby, reduce side effects 
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The data obtained from the cell culture assays and animal studies ean be used in 
formulating a range of dosage for us. in human, The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED50 with little or no 
foxrctiy. The dosage may vary within this range depending upon the dosage form employed 
and the route of administration utilized. For any compound used in the method of the 
mventton, the therapeutically effective dose car, be estimated initially ta cell culture 
assays. A dose may be formulated in ammal models to achieve a circulating plasma 
concentration range mat includes the IC50 (i.e., the concentration of the test compound which 
achieves a half-maxima! inhibition of symptoms) as determined in ceU culture Such 
mformation can be used to more accnrately determine useful doses in humans. Uve!s in 
Plasma may be measured, for example, by high performance liquid chromatography. 

in one embodiment of the methods described herein, the effective amount of me agent 
« hereon abou, Img and about 50mg per kg body weight of me subject. In one embodiment, 

of J T T* ° f " ^ *°* 2mS a ° d 4(ta * P- * *°*y weigh, 

of th. subject, m one embodiment me effective amount of the agen, is between about 3mg 

and about 30mg per leg body weigh, of the subject, fn one embodiment, the effective amount 
of ttre agent .s between abou. 4mg and abou. 20mg per kg body weigh, of me subject In one 
embodiment, me effective amoun, of me agen, is between abou, 5mg and abou, lOmg per Kg 
body weigh, of the subject. sperKg 

In one embodiment of me methods described herein, me agen, is administer at leas, 
once per day. In one embodiment, the agen. is adrninistered daily, m one embodimen, me 
agen, is administer^ every other day. In one embodiment, fhe agen, is administered every 6 
to S days. In one embodiment, the agent is administered weekly. 

k.Uedmtirear.wou.d know how to determine me appropriate amount. Asusedherein a 
dose or amoun. would be one in sufficient quantities ,o either inhibit tire disorder, treat me 
disorder, ttea. me subject or prevent the subject from becoming afflicted with ,he disorder 
Tms amoun, may be considered an effective amount A person of ordinary skill in the art caa 
perform sunple titration experiments to detennine what amount is required to ttea, fhe 
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subject. The dose of the composition of the invention will vary depending on the subject and 
upon the particular route of administration used. In one embodiment, the dosage can range 
from about 0.1 to about 100,000 ug/kg body weight of the subject. Based upon the 
composition, the dose can be delivered continuously, such as by continuous pump or at 
penodic interval, For example, on one or more separate occasions. Desired time intervals of 
multiple doses of a particular composition can be determined without undue experimentation 
by one skilled in the art. 



The effective amount may be based upon, among other things, the size of the 
compound, the biodegradability of the compound, the bioactivity of the compound and the 
bxoavailability of the compound. If the compound does not degrade quickly, is bioavailable 
and highly active, a smaller amount will be required to be effective. The effective amount 
will be known to one of skill in the art; it will also be dependent upon the form of the 
compound, the size of the compound and the bioactivity of the compound. One of skill in the 
art could routinely perform empirical activity tests for a compound to determine the 
bioactivity in bioassays and thus determine the effective amount. In one embodiment of the 
above methods, the effective amount of the compound comprises from about 1 0 ng/kg to 
about 100 mg/kg body weight of the subject. In another embodiment of the above methods 
the effective amount of the compound comprises from about 100 ng/kg to about 50 mg/kg ' 
body weight of the subject In another embodiment of the above methods, the effective 
amount of the compound comprises from about 1 ug/kg to about 10 mg/kg body weight of the 
subject. In another embodiment of the above methods, the effective amount of the compound 
compnses from about 100 ug/kg to about 1 mg/kg body weight of the subject. 

As for when the compound, compositions and/or agent is to be administered, one 
skilled m the art can determine when to administer such compound and/or agent The 
adrmnistration may be constant for a certain period of time or periodic and at specific 
intervals. The compound may be delivered hourly, daily, weekly, monthly, yearly (e g in a 
tune release form) or as a one time delivery. The delivery may be continuous delivery for a 
penod of time, e.g. intravenous delivery, m one embodiment of the methods described herein 
the agent is administered at least once per day. In one embodiment of the methods described ' 
herein, the agent is administered daily, m one embodiment of the methods described herein 
the agent is administered every other day. M one embodiment of the methods described 



-69- 



WO 2005/003766 

PCT/US2004/019017 

herein, the agent is administered every 6 to 8 days. In one embodiment of me methods 
described herein, the agent is achninistered weekly. 

EXEMPLIFICATION 

The invention now being generally described, it will be more readily understood by 
reference to the following examples, which are included merely for purposes of illustration of 
cer.au, aspects and embodiments of the present invention, and axe no, intended to limit the 
mvention, as one skilled in the art would recognize from the teachings hereinabove and the 
following examples, that other DNA microarrays, cell types, agents, consfructs, or data 
analysis methods, all without limitation, can be employed, without departing from the scope 
of the mvention as claimed. 

The contents of any patents, patent applications, patent publications, or scientific 
articles referenced anywhere in this application are herein incorporated in their entirety. 

The practice of the present invention will employ, where appropriate and unless 
otherwise indicated, conventional techniques of cell biology, cell culture, molecular biology 
transgenic biology, microbiology, virology, recombinant DNA, and immunology, which are' 
withm the skill of the art. Such techniques are described in the hterature. See, for example 
Molecular Cloning: A Laboratory Manual, 3rd Ed., ed. by Sambrook and Russell (Cold ' 
Spring Harbor Laboratory Press: 2001); the treatise, Methods In Enzymology (Academic 
Press, Inc., N.Y.); Using Antibodies, Second Edition by Harlow and Lane, Cold Spring 
Harbor Press, New York, 1 999; Current Protocols in Cell Biology, ed. by Bonifacino, Dasso 
Lippmcott-Schwartz, Harford, and Yamada, John Wiley and Sons, Inc., New York, 1999; and 
PCR Protocols, ed. by Bartlett et al., Humana Press, 2003 . 

The tables for all the Experimental genes are listed at the end of the third 
experimental series. 

First Experimental Series 

Described herein are results of RNA expression profiling of 43 individuals with 
varyrng levels of insulin resistance, carried out to systematically identify pamways and 
_s operative in diabetes. The 43 individuals were: 17 with normal glucose tolerance 
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(NOT), 8 with impaired glucoae .olemnc. (IGT), and 18 with type 2 diabetes (DM2) No 

Amuysrs (GSEA), that seeks to determine whether members of gene sets (e <r „»«, ^ 

«■« Apphcahonof GSEA to the microarray da,a, demonstrated tha, me oxidZ 
Phosphoryatronparhway (OXPHOS, was significant* different. Of me approximl y .06 
members m mis pathway, 94 are diminished in DM2 versus NOT. The effect " 
each gene only showing a 15-20% decrease. " * 

this cool?^ - ein "* ° f W ° rk Carried ° Ut to **» — - 

OXPHOS genes are hghtly co-regulated across all 47 tissues examine,, and ma, they are 
highly expressed a, the major sites of insulin mediated glucose uptake (brown JZT. d 
sxeleta, musde , This ^ Qf ^ „ ^ (o .. 0 ^™, 

fio-Eegmated." Apphcants hy„omeai 2 ed ma, me transcripuona, o*J££J£** 
(-» known as PGC-l^was responsible for mis .ranscripnonal co-regulanon T^L 

P ™1 ' ^ ta 3 over a three day 

g whether OXPHOS-CR rs specially differentially expressed between me patten, 

future tar • ♦ Y aef ° blC Capadty (V ° 2inax ) is Predictive of 

luture insuhn resistance and diabetes Tnter^ti^u, a ,• 

k , interestingly, Applicants found a striking relatiWhit. 

^^-- — ofmeOXPHOS-CRgeneaand^bMyoxygJ^l 

lb. following experimental precedes were Mowed in me fhst experimental series: 
Methods 
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Prevention Study in southern Sweden for more th™ i o „ m 

526-31 (1990)) Th.. • ethanl2years(Enksson etal.Diabetologia33, 

Unive^r ^ g ^ aPPr ° Ved ^ ^ EthiGS C ~e at Lund 

(lZ7 ^7 " ^ ^ ^ Criteria et * ^etologia 33 526-3 1 

fulfilled the cnteria for IOT and 26 had normal glucose to.erance (NOT. a , k 
diagnosed at the time of the repeat OGTT #• *u (NGT). As dtabetes was 

P OGTT ' noneofthe subjects were on medication for 
hyperglycemia or diabetes-related conditions, nedtcanon for 

**"*-" Me - —Mr measures were performed as previously 

O^^^d^at'free' ^ ^' ^ a ^ et6S ^^*^* (1996)). Height, weight, waist^to^hip ratio 

Jgen uptake (V02max) was measured using an incremental woA-cnnducted upright 
exercise teat wtth a bicycle ergometer (Monark Varbera Sweden, k- , 
analysis of evni™,„„ . varoerg, Sweden) combmed with continuous 

analysts of exptratory gases and minute ventilation. Exemise was started at a working 
varymg between 30-.00W depending on meprevious histoy of endure ^ 
axercise habits and then increased by 20-SOWev^, ■ ; CT<1Urance tramn S <* 

durina the la,t ™= „r • Ma xunal aerobtc capacity was defined as the V02 

dZ!l , ° ^ " <JXpresSed "— body mass, fnsulin sensitivity was 

damned wtm a shmdard 2 honr-euglycemic hyperinaulinemic Camp combiner, wl 

endogenous *cose producfion measured by me Mfiated g,ucnse fiacer during m^, 
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Invest 25, 693-8. (1995)). Quantification and calculation of the fibers was performed using 
the COMFAS image analysis system (Scan Beam, Hadsun, Denmark). 

Cell Culture and Adenoviral Infection. Mouse myoblasts (C2C12 cells) were cultured and 
differentiated into myotubes as previously described (Wu, Z. et al. Cell 98, 1 15-24. (1999)). 
After 3 days of differentiation, they were infected with an adenovirus containing either green 
fluorescent protein (GFP) or PGC-la as previously described (Lin, J. et al. Nature 418, 797- 
801. (2002)). 

mRNA Isolation, Target Preparation, and Hybridization. Targets were prepared from 
human biopsy or mouse cell lines as previously described (Golub, T.R. et al. Science 286, 
531-7. (1999)) and hybridized to the Affymetrix HG-U133A or MG-U74Av2 chip, 
respectively. Only scans with 10% Present calls and a GAPDH 37GAPDH 5' expression 
ratio < 1.33 were selected. Applicants obtained gene expression data for 54 human samples, 
but only 43 met these selection criteria; the analysis in this paper is limited to these 43 
individuals. 



Data Scaling and Filtering. Human microarray data were subjected to global scaling to 
correct for intensity related biases. For each scan applicants binned all genes according to 
their expression intensity in a designated reference scan, and recorded the median intensity of , 
that bin to serve as a calibration curve for that scan. Applicants then scaled the expression to 
the calibration curve of one NGT scan (patient mml2) which applicants visually inspected 
and deemed high quality using a linear interpolation between the calibration points. 
Applicants then filtered the 22,283 genes on the HG-U133A chip to eliminate genes that had 
extremely low expression. A previous study suggested that an Affymetrix average difference 
level of 100 corresponds to an extremely low level ("not expressed") (Su, A.I. et al. Proc Natl 
Acad Sci U S A 99, 4465-70. (2002)). Therefore, applicants only considered genes for which 
there was at least a single measure (average difference) greater than 100. Of the 22,283 
genes on the HG-U133A chip, 10,983 genes met this filtering criterion. 

Single Gene Microarray Analysis. Microarray analysis to identify individual genes that are 
significantly different between diagnostic classes was performed using two software 
packages. First, marker analysis was performed as previously described using GeneCluster. 
Significance of individual genes was testing by permutation of class labels (5000 iterations), 
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as previously described (Golub, T.R. et al. Science 286, 531-7. (1999)). Applicants used both 
the t-test and signal to noise difference metrics in these analysis, both yielding comparable 
results. Second, applicants used the software package SAM, using a A=0.5, to search for 
gene expression values significantly different between classes (Tusher et al. Proc Natl Acad 
Sci U S A 98, 5116-21. (2001)). 

Compilation of Gene Sets. Applicants analyzed 149 gene sets consisting of manually 
curated pathways and clusters defined by public expression compendia. First, applicants used 
two different sets of metabolic pathway annotations. Applicants manually curated genes 
belonging to the following pathways: free fatty acid metabolism, gluconeogenesis, glycolysis 
glycogen metabolism, insulin signaling, ketogenesis, pyruvate metabolism, reactive oxygen 
species (ROS) homeostasis, Kreb's cycle, oxidative phosphorylation (OXPHOS) and 
mitochondria, using standard textbooks, literature reviews, and LocusLink. Apphcants also 
downloaded NetAFFX (Liu, G. et al et al.Nucleic Acids Res 31, 82-6. (2003)) annotations 
(October 2002) corresponding to GenMAPP metabolic pathways. To identify sets of co- 
regulated genes, applicants used self-organizing maps to group the GNF mouse expression 
atlas into 36 clusters (Su, A.L et al. Proc Natl Acad Sci U S A 99, 4465-70. (2002), Tamayo 
et al. Proc Natl Acad Sci U S A 96, 2907-12. (1999). Genes in these 36 groups were 
converted to Affymetrix HG-U133A probe sets using the ortholog tables available at the 
NetAFFX website (October 2002). 



m 

a 



Rationale for Grouped Gene Analysis. Consider a microarray dataset with the samples 
two categories, A, B. For the sake of simplicity, let the size of A and B each be n. Consider 
gene set S for which the expression levels differ between samples of A and B. Model the 
dataset so that the entry A, for gene z and sample^ is normally distributed witn mean and ' 
standard deviation cr , where 

0, i&S 

-a, ieS,JeB 
Then the signal to noise for an individual gene in S is proportionate to 

cr 
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Suppose on the other hand applicants know S and add the expression levels for all 
genes in S. Then the signal to noise is proportionate to 

a-JnM 



is 



where M is the number of genes in S. This increases the mean of our statistic (which : 
standard normal for the null hypothesis of no gene set association) by a factor of Vm . If the 
noise is in fact correlated for genes of S, this reduces the benefit, but applicants can still 
expect a large gain. In practice applicants will not be able to select a gene set containing ' 
fully concordant expression levels, but as long as an appreciable fraction of our gene set 
exhibits this property, applicants can expect a benefit from the grouped gene approach. 

Gene Set Enrichment Analysis (GSEA). GSEA determines if the members of a given gene 
set are enriched amongst the most differentially expressed genes between two classes. First, 
thegenesarerankorderedonthebasisofadifferencemetric. The results presented in the 
current experimental series use the signal to noise (SNR) difference metric, which is simply 
the difference in means of the two classes divided by the sum of the standard deviations of 
the two diagnostic classes. In general other difference metrics can also be used. 

For each gene set, applicants then make an enrichment measure, called the enrichment 
score (ES), which is a normalized Kolmogorov-Smirnov statistic. Consider the genes R u .., 
R N that are rank ordered on the basis of the difference metric between the two classes, and a 

gene set S containing G members. Applicants define X t = - if Rt is not a member of 

V N-G 

N-G . _ . 

— , if Rt is a member of S. Applicants then compute a running sum across all N 



genes. The enrichment score (ES) is denned as m^X, , or the maximum observed 

positive deviation of the mnning sum. ES is measured for every gene set considered. To 
determine whether any of the given gene sets shows association with the class phenotype 
distinction, applicants permute the class labels 1000 times, each time recording the maximum 
ES over all gene sets. Note that in this regard, applicants are testing a single hypothesis. The 
null hypothesis is that no gene set is associated with the class distinction. 
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In this experimental series, after identifying OXPHOS-CR as a subset of co-regulated 
OXPHOS genes, applicants tested it (a single gene set) for association with clinical status 
using GSEA. Because OXPHOS-CR is not independent of the OXPHOS set interrogated in 
the initial analysis, this cannot be viewed as an independent hypothesis. For this reason, 
these P- values are explicitly marked as nominal P-values. 

Gene set enrichment analysis (GSEA) has been implemented as a software tool for 
use with microarray data and will be presented in fuller detail, including a discussion of 
different varieties of multiple hypothesis testing and applications to other biomedical 
problems, in a companion paper (Subramanian et. ah, in preparation). 



/ 
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Evaluating OXPHOS Coregulation in Mouse Expression Datasets. Applicants used the 
NetAFFX to identify probe sets on the mouse expression chips corresponding to human 
OXPHOS probe sets. Applicants identified a total of 1 14 (106 of which passed our filtering 
criterion) probe-sets corresponding to the human oxidative phosphorylation genes. Using the 
October 2002 ortholog tables at NetAFFX, applicants were able to identify 61 mouse 
orthologs on the Affymetrix MG-U74Av2 chip. Of these 61 probe-sets, 52 were represented 
in the GNF mouse expression atlas (Su, A.I. et al. Proc Natl Acad Sci U S A 99, 4465-70. 
(2002)). These expression data were normalized to a mean of 0 and a variance of 1 . Data 
were hierarchically clustered and visualized using the Cluster and TreeView software 
packages (Eisen et al. Proc Natl Acad Sci U S A 95, 14863-8. (1998)). 

Applicants parsed these 52 genes into 32 co-regulated probe-sets and 20 probe-sets 
that are not co-regulated, based on the dendrogram in Figures 7 and 8. 40 distinct HG-HG- 
U133A probe-sets mapped to the 32 co-regulated mouse probe-sets, and 19 distinct HG- 
U133A probe-sets mapped to the 20 mouse probe-sets that are not co-regulated. Five HG- 
U133 A probe-sets are shared between these two groups, representing ambiguous cases (i.e., 
these human probe-sets that map to two mouse probe-sets, one of which is co-regulated and 
the other of which is not co-regulated). Applicants discarded these five ambiguous human 
probe-sets from our analysis. This left a total of 35 HG-U133A probe-sets which applicants 
call OXPHOS-CR genes, and a total of 14 HG-U133A probe-sets which applicants call 
OXPHOS not CR. Note that 34 and 13 of these genes, respectively, passed our filtering 
criteria, and these were the genes used in Figure 9 as well as in the OXPHOS-CR analysis 
described in the paper. 

Linear Regression Analysis. Applicants generated linear regression models using SAS 
(SAS Institute, USA). Clinical variables were used as dependent variables, and OXPHOS- 
CR gene expression levels or other clinicaybiochemical measures used as the independent 
(explanatory or predictor) variables. To compute the mean centroid of OXPHOS-CR, the 34 
genes OXPHOS-CR gene expression levels were normalized to a mean 0 and a variance 1 
across all 43 patients. The OXPHOS-CR mean centroid vector is simply the mean of these 
34 expression vectors. In some regression analyses, applicants introduced dummy variables 
to represent diabetes status. For the regressions applicants have performed, applicants have 
reported the adjusted squared correlation coefficient (R 2 a(U ), which corrects for the degrees of 
freedom. 
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Example 1: Comparison of Gene Ex pression in between Experimental Groups 

DNA microarrays were used to profile expression of over 22,000 genes in skeletal 
muscle biopsies from 43 age-matched males (Table 1): 17 with Normal Glucose Tolerance 
(NGT), 8 with Impaired Glucose Tolerance (IGT), and 18 with Type 2 Diabetes Mellitus 
(DM2). Biopsies were obtained at the time of diagnosis (before treatment with hypoglycemic 
medication) and under the controlled conditions of a hyperinsulinemic euglycemic clamp (see 
Methods). When assessed with either of two different analytical techniques (Golub, T.R. et 
al. Science 286, 531-7. (1999), Tusher et al. Proc Natl Acad Sci U S A 98, 5116-21. (2001)) 
that take into account the multiple comparisons implicit in microarray analysis, no single 
gene exhibited a significant difference in expression between the diagnostic categories. This 
result is consistent with smaller studies (Sreekumar et al. Diabetes 51, 1913-20. (2002), Yang 
et al. Diabetologia 45, 1584-93. (2002)) which failed to identify any individual gene whose 
expression difference was significant when corrected for the large number of hypotheses 
tested (Kropf et al. Biometrical J. 44, 789-800 (2002), Storey et al. J. R. Statist. Soc. B 64, 
479-498 (2002)). 

Example 2: Gene Set Enrichment Analysis 

To test for sets of related genes that might be systematically altered in diabetic 
muscle, Applicants devised a simple approach called Gene Set Enrichment Analysis (GSEA), 
which is introduced here (see Figure 1 and Methods). The method combines information 
from the members of previously defined sets of genes (e.g., biological pathways; to increase 
signal relative to noise (see Methods) and improve statistical power. 

For a given pairwise comparison (e.g., high in NGT vs DM2), all genes are ranked 
based on the difference in expression (using an appropriate metric such as signal to noise). 
The null hypothesis of GSEA is that the rank ordering of the genes in a given comparison is 
random with regard to the diagnostic categorization of the samples. The alternative 
hypothesis is the rank ordering of the pathway members is associated with the specific 
diagnostic criteria used to categorize the patient groups. 

The extent of association is then measured by a non-parametric, running sum statistic 
termed the enrichment score (ES), and record the Maximum ES (MES) over all gene sets in 
the actual patient data (Figure 1). To assess the statistical significance of the MES, applicants 
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use permutation testing of the patient diagnostic labels (for example, whether a patient is 
NGT or DM2, see Figure 1). Specifically, applicants compare the MES achieved in the actual 
data to that seen in each of 1,000 permutations that shuffled the diagnostic labels among the 
samples. The significance of the MES score is calculated as the fraction of the 1,000 random 
permutations in which the top pathway gave a stronger result than that observed in the actual 
data. Because the permutation test involves randomization of the patient labels, it is a test for 
the dependence on the actual diagnostic status of the patients. Moreover, because the actual 
MES is compared to the distribution of maximal ES values over all pathways examined in 
each of the randomized datasets, it accounts for multiple pathways tested, and no further 
correction is required (Kropf et al. Biometrical J. 44, 789-800 (2002), Storey et al. J. R 
Statist. Soc. B 64, 479-498 (2002). 

Example 3; Decreased Expression of Gene* Involved in Oxidative Phosnhnrvlartm, 

Applicants applied GSEA to the microarray data described above, using 149 gene sets 
that applicants compiled (Table 2). Of these gene sets, 1 13 are based on involvement in 
metabolic pathways (based on public or local curation (Liu, G. et al et al.Nucleic Acids Res 
31, 82-6. (2003)) and 36 consist of gene clusters that exhibit co-regulation in a mouse 
expression atlas of 46 tissues (Su, A.I. et al. Proc Natl Acad Sci U S A 99, 4465-70. (2002)) 
(see Methods). The gene sets were selected without regard to the results of the microarray 
data from our patients. The top gene set in GSEA analysis yielded a Maximal Enrichment 
Score (MES=346) that was significant at P=0.029 over the 1,000 permutations of the 149 
pathways. That is, in only 29 or 1,000 permutations did the top pathway (of Ihe 149) exceed 
the score achieved by the top pathway achieved using the actual diagnostic labels. 

The maximal ES score was obtained for an internally curated set consisting of genes 
involved in oxidative phosphorylation (applicants refer to this gene set as OXPHOS). 
Interestingly, the four gene sets with the next highest ES scores overlap with this OXPHOS 
gene set, and their enrichment is almost entirely explained by the overlap: a locally curated 
set of genes involved in mitochondrial function, a set of genes identified with the keyword 
•mitochondria,' a cluster (referred to here as c20) of co-regulated genes derived from the 
comparison of publicly available mouse data, and a set of genes related to oxidative 
phosphorylation defined at the Affymetrix website (Liu, G. et al et al.Nucleic Acids Res 31, 
82-6. (2003)). 
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Examination of the individual expression values for the 106 OXPHOS genes reveals 
the source of this signal (Fig. 2). Although the typical decrease in expression for individual 
OXPHOS genes is very modest (-20%), the decrease is remarkably consistent across the set: 
89% (94 of 106) of the genes showing decreased expression in DM2 relative to NGT (Fig. 2). 
As controls, applicants confirmed that the result is independent of specific aspects of data 
processing (such as scaling, thresholding, filtering) or of selection of difference metrics. 
Moreover, the result identified by GSEA is supported by previous observations: others have 
shown that oxidative capacities are altered in insulin resistant muscle (Bjorntorp, et al. 
Diabetologia 3, 346-52. (1967), Simoneau et al. Faseb J 9, 273-8. (1995), and recent 
microarray analyses of human diabetic muscle have identified genes in oxidative 
phosphorylation among their top-ranked genes (Sreekumar et al. Diabetes 51, 1913-20. 
(2002)). 



Example 4: OXPHOS-CR: A Coregulated Subset of OXPHOS Genes 

One of the overlapping gene sets identified by GSEA is cluster c20, defined as a set of 
genes that are tightly co-regulated across many tissues (see Methods). The partial overlap of 
OXPHOS with the coregulated cluster led us to ask whether all_OXPHOS genes are 
coordinate^ regulated, or just a subset. Applicants examined transcriptional co-regulation of 
mouse homologs of OXPHOS genes across a mouse tissue expression atlas (Su, A.I. et al. 
Proc Natl Acad Sci U S A 99, 4465-70. (2002)). This revealed a previously unrecognized 
subset of the OXPHOS biochemical pathway, corresponding to about two-thirds of the 
OXPHOS genes, that exhibit strong correlation across mouse tissues (^=0.67) (Fig. 3a). 
Applicants term this subset OXPHOS-CR (Oxidative PHOSphorylation Co-Regulated). The 
remaining OXPHOS genes show little co-regulation with OXHPOS-CR or each other (Fig. 
3a). The OXPHOS-CR subset strongly expressed in three of 46 tissues: skeletal muscle, 
heart, and brown fat. Applicants note that these are the major sites of insulin-mediated 
glucose disposal in mice. 

Applicants next asked whether the downregulation of OXPHOS observed in DM2 
was a general property of all OXPHOS genes or was specific to OXPHOS-CR. Interestingly, 
the bulk of the statistical signal applicants observe in GSEA is accounted for by OXPHOS- 
CR (Fig. 4). Namely, the OXPHOS-CR subset showed a stronger mean deviation than the 
remainder of the OXPHOS gene set (Fig. 4), and was itself significant in the GSEA analysis 
(nominal P-value 0.001, as compared to nominal P=0.226 for the remainder of the OXPHOS 
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set). To see if these changes were secondary to hyperglycemia^ se, or preceded the onset 
of frank diabetes, applicants compared expression of OXPHOS-CR in NGT patients to those 
with the pre-diabetic state, IGT. Applicants found that expression of OXPHOS-CR is also 
downregulated in IGT (nominal P<10" 4 ). This suggests that downregulation of OXPHOS-CR 
precedes onset of hyperglycemia. Thus, GSEA allowed us to detect a subset of OXPHOS 
genes, called OXPHOS-CR, with three key properties: (1) they are members of the oxidative 
Phosphorylation pathway, (2) they are tightly co-regulated across many tissues and are highly 
expressed in the major sites of insulin mediated glucose disposal, and (3) they exhibit a subtle 
but consxstent decreased expression in muscle from patients with both the pre-diabetic state 
IGT and type 2 diabetes. 



Example 5: PGC-1 nr can indnr* e x pression of QXPHOS-rp 

The strong correlation in expression of the OXPHOS-CR genes and their coordinated 
downregulation in diabetic muscle led us to explore mechanisms that 'might mediate to this 
tight control. Applicants reasoned that peroxisome proliferator-activated receptor y 
coactivator 1* (PGC-la), a cold-inducible regulator of mitochondrial biogenesis 
thermogenesis, and skeletal muscle fiber type switching (Puigserver, P. et al Cell 92 829 
39. (1998), Wu, Z. et al. Cell 98, 1 15-24. (1999), Lin, J. et al. Nature 418, 797-801 (2002)) 
was a prime candidate for mediating these effect, Consistent with this hypothesis, applicants 
observed that mean levels of PGC- 1 a transcript were similarly decreased (-20%) in the 
dtabetic muscle, and noted that the promoters of several of the OXPHOS-CR genes have 
been reported to contain binding sites for nuclear respiratory factor 1, a transcription factor 
co-activated by PGC-la(Scarpulla,R.C. Biochim Biophys Acta 1576, 1-14.(2002)). 

To test directly whether OXPHOS-CR genes might be transcriptional targets of PGC- 
lo; applicants expressed PGC-la in a mouse skeletal muscle cell line using an adenoviral 
expression vector (Lin, J. et al. Nature 418, 797-801. (2002)) and used DNA microarrays to 
profile expression of the OXPHOS genes over a 3 day period (see Methods). Applicants 
found that a subset of OXPHOS genes were strongly upregulated in a time-dependent manner 
in response to PGC-la; and that this subset corresponds almost precisely to OXPHOS-CR 
(Fig. 3b). These in vitro results support the hypothesis that PGC-laplays a role in the 
regulation of OXPHOS-CR, both across the mouse tissue compendium as well as in the 
observed downregulation in diabetes. 
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Example 6; Expression of OXPHOS-CR an H M easures of Whole Body Phy inlnpy 

Metabolic control theory suggests that small increases in many sequential steps of a 
metabolic pathway can lead to a dramatic change in the total flux through the pathway, 
whereas large changes in a single enzyme might have no measurable effects (Brown et al. 
Biochem J 284, 1-13. (1992). To test the hypothesis that subtle differences in OXPHOS-CR 
gene expression in diabetic patients might be related to changes in total body metabolism, 
applicants examined the relationships between diabetes status, expression of OXPHOS-CR 
genes, and V02max as measured in our patients (Fig. 5). Consistent with previous reports 
(Eriksson et al. Diabetologia 33, 526-3 1. (1990)), diabetes and V02max are correlated in our 
patients (^/=0.28, P=0.0005). Strikingly, applicants found that the expression of 
OXPHOS-CR genes in muscle is strongly correlated with V02max (R adJ 2 =0.22, iM).0012) 
(Fig. 5), a measure of total-body physiology. The top ranking OXPHOS-CR gene, ubiquinol 
cytochrome c reductase binding protein (UQCRB), is even a stronger predictor (R ad /=0.3 1, 
PO.0001). OXPHOS-CR appears to be not solely a proxy for diabetes status, however, ' 
because a two-variable regression of V02max on diabetes status and OXPHOS-CR 
expression level shows that both variables contribute significantly to the correlation (P=0.05 
for the model with both variables as compared to the model with only diabetes status). 

It is important to note that these results do not seem secondary to other known 
predictors of oxidative capacity. Applicants found no relationship between BMI or WHR and 
OXPHOS-CR gene expression (R ad f < 0.01 in both cases). In addition, there was no 
significant relationship between quantitative measures of fiber types and OXPHOS-CR 
expression. Thus, subtle decrease in expression of OXPHOS-CR genes in muscle appears to 
be associated with changes in total body aerobic capacity, even beyond their correlation to 
diabetes status, body habitus, or muscle fiber type. 

Second Experimental Series 

The following experimental procedures were followed in the second experimental series: 

Organelle Purification and Sample Preparation. 6-8 week old male mice were subjected 
to an 8 hour fast and then euthanized. Brain, heart, kidney, and livers were harvested 
immediately and placed in ice cold saline. Mitochondria were isolated using differential 
centrifugation as previously described and purified with a Percoll gradient (Mootha et al 
(2003). Proc Natl Acad Sci US A 100, 605-10). The proteins were then solubilized, size 
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separated, and digested as previously described (Mootha et al. (2003). Proc Natl Acad Sci U 
S A 100, 605-10)). 

Tandem Mass Spectrometry. Liquid chromatography tandem mass spectrometry (LC- 
MS/MS) was performed on QSTAR pulsar quadrupole time of flight mass spectrometers 
(AB/MDS Sciex, Toronto) as described previously (Mootha et al. (2003). Proc Natl Acad 
Sci U S A 100, 605-10). Tandem mass spectra were searched against the NCBInr database 
(February 2002) with tryptic constraints and initial mass tolerances <0.13 Da in the search 
software Mascot (Matrix Sciences, London). Only peptides achieving a Mascot score above 
25 and containing a sequence tag of at least three consecutive amino acids were accepted. 

Curation of Previously Annotated Mitochondrial Proteins. Two key sources were used to 
identify previously annotated proteins. First, Applicant downloaded the 308 human and 1 17 
mouse protein sequences at MITOcondria Project (Scharfe et al. (2000). Nucleic Acids Res 
28, 155-8). Applicant also downloaded the 199 human and 290 mouse protein sequences 
annotatated at LocusLink (^ttp://ww.ncbi.nlm.nih.gov/LocusLink) as having a 
mitochondrial subcellular localization based on gene ontology terminology (GO:0005739) 
(Lewis et al. (2000). Curr Opin Struct Biol 10, 349-54 )(January 2003). Also included in the 
master list the are 13 mtDNA encoded proteins, based on LocusLink annotation. 

A Nonredundant List of Mitochondrial Proteins. FASTA sequences corresponding to the 
previously annotated mitochondrial proteins, newly identified mitochondrial proteins, and the 
mouse Reference Sequences (Maglott et al. (2000). Nucleic Acids Res 28, 126-8) were 
merged. These were then collapsed into distinct protein clusters using a downloaded version 
of blastclust (http://www.ncbi.nlm.nih.gov/BLAST/). Applicants required that members of a 
cluster demonstrate 70% sequence identity over 50% of the total length, not requiring a 
reciprocal relationship to exist. Clusters containing multiple Reference Sequences were then 
broken using a higher stringency blastclust, in which applicants required 90% identity over 
50% of the length. Clusters containing hemoglobin, trypsin, and albumin were ehminated as 
obvious contaminants. When possible the Reference Sequence was selected as the exemplar 
from the cluster, otherwise another sequence was manually selected. Hence, each cluster is 
annotated by an exemplar sequence, the protein accessions (and tissues) in which the proteins 
were found in the proteomics experiments, and the protein accessions corresponding to 
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annotation sources. Applicant obtained a total of 612 distinct protein clusters (Table 2). The 
GenPept descriptions of 37 of these exemplars suggested that they are mitochondrial, but 
simply missed by the automated annotation procedure using the MITOP and LocusLink 
databases. These exemplars were therefore manually annotated as previously known 
mitochondrial proteins, to provide a more conservative estimate of our sensitivity measure 
and newly discovered proteins. 

Statistical Analysis. Cluster enrichment was determined using a cumulative hypergeometric 
distribution. To determine whether two empirical cumulative distributions arise from the 
same underlying distribution, Applicant used the Kolmogorov-Smirnov test statistic, D. Tail 
values were obtained using Matlab (Mathworks). 

RNA/Protein Concordance Test, the RNA/protein concordance test was developed to 
determine whether there is significant concordance between protein detection in a proteomics 
experiment and mRNA abundance in a microarray experiment. Consider the pair of tissues, 
ij, where ije {brain, heart, kidney, liver}. For a given gene, G, let M(G,k) represent the 
gene expression level of gene G in tissue k. Let P(G,k) be an indicator variable that is 0 if the 
protein product of gene G is not found in tissue k, and 1 if the protein product is found in 
tissue k. The mRNA and protein expression levels of gene G are concordant in tissues i and j 
ifM(G,i)>M(Gj)whenP(G,i)>P(Gj). For a given gene, G, compute the total number of 
observed concordances (c G ) between all pairs of tissues as well as the expected variance in 
concordance (v G ) for that gene. The test statistic is simply 




which has mean 0 and variance 1 and is approximately normal in the null case where there is 
no concordance between RNA abundance and protein detection. 

Compositional Diversity Across Tissues. Mitochondrial gene products show distinct 
patterns of expression based on protein and RNA expression (Table 5). These patterns of 
distribution can be used to develop a simple model that describes core mitochondrial proteins 
versus those that are specialized to any set of cell types. 
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Consider a set of i+1 tissues, S w , as well as a distinct subset Si, i.e., S jcS w , where iX). 
Applicants are interested in the probability that a given gene product is found in S i+ i 
conditional that it is found in Si, or simply T(S i+1 , SO - P(gene product is found in S w |gene 
product is found in Si). Define P ; as the average T(S i+1 , SO over all selections of S iC S w . 
When applicant assessed compositional diversity using RNA expression levels, Applicant 
interpreted an RNA expression level greater than'200 as present (Su et al. (2002): Proc Natl 
Acad Sci U S A 99, 4465-70), and an expression below this level as not present. These 
average conditional probabilities Pj can also be modeled. Imagine that a fraction f of all 
mitochondrial proteins are ubiquitous (i.e., expressed in all cell types with probability 1) and 
that a fraction 1-f are not ubiquitous, but rather, appear in a given tissue with probability p. 
ThenPi+j^l-fjp^)^!-^). 

DNA Microarray Analysis. To identify Affymetrix probe-sets corresponding to each 
protein cluster, Applicant mapped the exemplar sequence to the Unigene cluster, and then 
identified the corresponding Affymetrix MG-U74Av2 probe set. The NetAffx website 
(http://www.affymetrix.com) and its tables were used to perform these mappings (January 
2003). The GNF mouse expression atlas (Su et al. (2002). Proc Natl Acad Sci U S A 99, 
4465-70) was downloaded from its website (http://www.gnf.org). In comparisons of protein 
detection and mRNA abundance, the used the mRNA expression level for a given tissue 
averaged over the replicates, since the GNF mouse expression atlas includes duplicates for 
each tissue. Because the proteomic survey was performed on whole brain, applicants simply 
compared to the average expression of all brain samples in the GNF mouse atlas. 
Hierarchical clustering was performed using DCfflP (Schadt et al. (2001). J Cell Biochem 
Suppl Suppl, 120-5). 

Identification of Ancestral Mitochondrial Genes. The consensus FASTA sequences for 
the genes represented on the Affymetrix MG-U74Av2 oligonucleotide array were 
downloaded from the NetAFFX (Liu et al. (2003). Nucleic Acids Res 31, 82-6) website 
(http://ww.affymetfx.com). A blastx comparison of these sequences was performed 
against the Rickettsia prowazekii protein sequences, downloaded from the NCBI, and then a 
tblastn comparison of the bacterial protein sequences was performed against the consensus 
FASTA sequences. An ancestral gene as defined as one achieving a BLASTX EO.01 and 
having a reciprocal best match in the BLAST analysis. 
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Example 7; Proteomic Survey of Mitochondria 

Applicants carried out a systematic survey of mitochondrial proteins from brain, 
heart, kidney, and liver of C57BL6/J mice (see Methods). Each of these tissues provides a 
rich source of mitochondria. The isolation consisted of density centrifugation followed by 
Percoll purification. Preparations were tested for purity and for contamination using 
immunoblotting directed against organelle markers, enzymatic assays to ensure that the 
mitochondria were intact, and electron microscopy. The liver, heart, and kidney 
mitochondria were extremely pure. The brain mitochondria tended to show persistent 
contamination by synaptosomes, which themselves are a rich source of neuronal 
mitochondria (see Fernandez- Vizarra (2002). Methods 26, 292-7). 

Mitochondrial proteins from each tissue were solubilized and size separated by gel 
filtration chromatography into approximately 20 fractions (see Methods). These proteins 
were then digested and analyzed by liquid chromatography mass spectrometry/mass 
spectrometry (LC-MS/MS). More than 100 LC-MS/MS experiments were performed (see 
Methods). 



The acquired tandem mass spectra were then searched against the NCBI 
nonredundant database consisting of mammalian proteins using a probability-based method 
(Perkins et al. (1999). Electrophoresis 20, 3551-67. [pii]). Stringent criteria were used for 
accepting a database hit. Specifically.only peptides corresponding to complete tryptic 
cleavage specificity with scores greater than 25 were considered (see Methods). 
Furthermore, only fragmentation spectra which also exhibited a correct, corresponding 
peptide sequence tag (Mann et al. (1994). Anal Chem 66, 4390-9) consisting of at least three 
amino acids were considered. 



Using these criteria, -2100 database hits were identified. This list contains a high degree 
of redundancy, because a protein may have been found in adjacent fractions of the gel and in 
different tissues. The -2100 hits collapse to a distinct set of 422 mouse proteins (see Table 4, 
Figure 6, and Methods). 



Example 8: Previously Annotated Mitochondrial Proteins 
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A list of previously annotated mouse and human mitochondrial proteins was created by 
pooling all the mouse and human proteins from MITOchondria Project (MTTOP, 
http://mips.gsf.de/proj/medgen/mitop/), a public database of curated mitochondrial proteins, 
as well as all proteins annotated as mitochondrial in NCBI's LocusLink database 
(http://ww.ncbi.nlm.nm.gOV/l.ocusLinkO (see Methods). After elimination of redundancy 
the hst contains 452 distinct mouse proteins that are either directly annotated as 
mitochondrial or whose human homolog is annotated as mitochondrial (Figure 6A). The 
human proteins recently reported to be mitochondrial by Taylor et. al. 2003 (in a study 
published after the construction of Applicant's list of previously annotated proteins) were not 
included in Applicant's list. These proteins instead serve as a control against which to 
compare the proteins identified in our proteomic analysis. The list of 452 previously 
annotated mitochondrial proteins is by no means comprehensive - there are likely many 
mitochondrial proteins that are simply not annotated by these public databases. However it 
does provide a reasonable, high confidence list of previously annotated proteins against ' 
which to benchmark Applicant's proteomic survey. 



Example 9: Newlv Identify Mitochondrial Proteins. 

The set of 422 proteins identified in Applicant's proteomic survey include 262 of the 
452 proteins previously annotated to be mitochondrial (58%) and 160 proteins not previously 
annotated as associated with the mitochondria (Figure 6A). The previous and new sets were 
combined to produce a list of 612 genes whose protein product is physically associated with 
mitochondria. This set of genes is referred to as mito-P (Table 4). 

The 422 proteins identified in the proteomic survey span a wide range of isoelectric 
points and molecular weights (Figure 6B, 6C), although proteins from the inner 
mitochondrial membrane are underrepresented (Figure 6D). The incomplete sensitivity 
(58%) is most likely due to a bias against proteins of low abundance, which is a known 
feature of the mass spectrometry methodology. This explanation is supported by analysis of 
RNA expression of the genes encoding the detected and undetected proteins. Considering the 
subset of the 452 previously annotated genes for which RNA expression was reported in a 
recent atlas of mRNA expression in mouse Q, the distribution of RNA expression level was 
about 5-fold higher for the genes whose products were detected in our proteomic survey as 
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compared to those that were not (P=lxl 0 - 21 ) (Figure 6E). This suggests that the proteomics 
strategy preferentially detected the higher abundance proteins 



new 
e 



The 160 proteins not previously annotated as mitochondrial potentially represent 
mitochondrial proteins, either in the conventional sense of being present within the organell. 
or in a broader sense of being tethered to the mitochondrial outer membrane (e.g., tubulin 
(Heggeness et al. (1978). Proc Natl Acad Sci U S A 75, 3863-6)). 

To test this notion, Applicants sought independent evidence that these 160 proteins 
are actually mitochondrial. First, the list was compared to proteins identified in a recent 
survey of human heart mitochondria (Taylor et al. (2003). Nat Biotechnol 18, 18). Human 
homologsof64ofthe 160 proteins were identified in this recently published study. Ofthe 
remaining 96 proteins, 24 have strong mitochondrial targeting sequences based on 
bioinformatic analysis of protein targeting sequences (Table 4 and Methods) (Nakai et al. 
(1999). Trends Biochem Sci 24, 34-6), a proportion similar to the known mitochondrial 
proteins. For example polymerase delta interacting protein 38 (encoded by Pdip38-pending), 
which was detected only in liver mitochondria, and the gene product of Rnasehl, which was ' 
found only in the kidney, have strong mitochondrial targeting scores. A recent study 
confirmed that Rnasehl can be localized to the mitochondrion, where it plays a critical role in 
mtDNA homeostasis (Cerritelli et al. (2003). Mol Cell 11, 807-15). 

Example 10: Modules o f Coregulatert Mitochondrial Genes 

Applicant also investigated co-regulation ofthe 612 mito-P genes across different 
tissues. For 388 of the 612 mito-P genes, mRNA expression levels were available in a mouse 
gene expression compendium containing data across 47 tissues (Su et al. (2002). Proc Natl 
Acad Sci U S A 99, 4465-70). 

Applicant calculated pairwise correlation and performed hierarchical clustering of these 
388 gene expression profiles (Figures 6 and 7). There are several striking mitochondrial gene 
modules (Figure 6), which are defined here as clusters of genes showing strong expression 
correlation across the 47 tissues (Table 6). These modules include genes with strong 
annotation support as well as genes identified in this study as being mitochondrial (see bar 
labeling in Figure 7). These clusters appear to have properties of scale-free networks, in 
which a few central nodes are highly correlated with each other (module 6), while most are 
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correlated with only a few genes or none at all (Barabasi, (2003). Scale-free networks, Sci 
Am 288, 60-9). As shown in Figure 7, mitochondrial gene expression profiles vary ' 
tremendously from tissue to tissue, consistent with the compositional diversity of 
mitochondria noted above. 



Some of these gene modules have no obvious functional relationships, though two 
appear to be enriched in certain tissues (modules 1,2). Each of these gene modules is 
characterized by tightly correlated gene expression across the tissue compendium. Members 
of these genes likely share transcriptional regulatory mechanisms as well as cellular 
functions. Many of the newly identified mitochondrial genes (black bar in annotation bar of 
Figure 7) lie within these modules, providing a functional context for their cellular role. 

The mitochondria gene modules provide an initial step towards the characterization of 
some of the newly identified mitochondrial genes, since functionally related genes tend to 
have correlated gene expression. Of the 104 newly identified mitochondrial proteins that are 
represented in this microarray dataset, 38 fall within these 7 modules, providing them with a 
preliminary functional context. 

Example 11: Modules Enriched in Genes of Oxidative Phosphorylation. 

A striking gene module (module 6) consists of genes related to oxidative 
phosphorylation (OXPHOS) and /3-oxidation and expressed at high levels in brown fat, 
skeletal muscle, and heart (Figures 6 and 7). The related module 5, enriched in OXPHOS 
genes but not the ^-oxidation genes, is expressed not only in brown fat, heart, and skeletal 
muscle, but also in colon. Colon is not traditionally considered to be a highly metabolic 
tissue, but it has high expression of peroxisome prouferative activated receptor-7, a partner of 
PGC-la, a master regulator of mitochondrial biogenesis (Puigserver et al. (2003). Endocr 
Rev 24, 78-90). In a recent study of human diabetic muscle, Applicant and co-workers 
demonstrated that the OXPHOS genes in modules 5 and 6 (termed OXPHOS-CR for 
Oxidative PHOSphorylation CoRegulated) show diminished expression in type 2 diabetes, 
and that these genes are targets of PGC-la. The current study identifies two modules 
(modules 5, 6) that contain OXPHOS-CR as well as other mitochondrial genes, including 4 
newly identified genes in module 5 and 12 newly mitochondrial genes in module 6. It will be 
interesting to determine how this expanded set contributes to type 2 diabetes and other 
measures of whole-body metabolism. 
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Example 12: Mitochondrial Gene Expression Neighborhood. 

Applicant also sought to systematically identify all genes that exhibit correlated 
expression with the mito-P genes. This was done using the neighborhood index (Moo), a 
previously described statistic that measures a given gene's expression similarity to a target 
gene set (Mootha et al. (2003). Proc Natl Acad Sci U S A 100, 605-10). For a given gene, the 
mitochondria neighborhood index is defined as the number of mito-P genes among its nearest 
100 expression neighbors. Applicant computed the Moo statistic for all genes in the mouse 
expression atlas (Figure 9). 

The 10,043 genes in the mouse expression atlas include 388 of the 612 mito-P 
genes. If these 388 genes were a random subset, an Moo value greater than 10 would be 
expected to occur by chance 1 in 1000 times, and an Moo greater than 50 would be 
exceedingly rare (P^1.5xlO" M ). 

A total of 806 genes have Moo >10. This is defined herein as the expression 
neighborhood of the mito-P set, and Applicant interprets these genes as being co-regulated 
with mitochondrial genes (see the entire rank ordered list, Table 7). This group corresponds 
to only 8% of all the genes studied, but it contains 52% of the mito-P genes (6 5-fold 
enrichment, P=1.49xl0-' The list includes 59 that are newly mitochondrial, based on the 
proteomic survey described herein and 25 that were previously known to be mitochondrial 
but not detected by that proteomic survey. 

Importantly, the expression neighborhood includes 605 genes not present in the 
mito-P set itself. These genes may encode proteins that are physically present in 
mitochondria but were missed in the proteomic survey or that are functionally related to 
mitochondria but not physically associated. They provide a catalog of genes that are likely 
functionally relevant to mitochondrial biology, and are complementary to the proteomic 
approach that identified proteins resident in this organelle. 

Example 13: Transcription Factors and Nutria Within , hp MttochoBdrial 

Neighborhood ~~ 

Applicant found several genes involved in DNA replication within the mitochondria 
neighborhood (Table 1). Essra, Pparg, and Ppara encode nuclear receptors that are tightly 
co-regulated with the mitochondrial genes. This is intriguing since previous studies have 



-90- 



WO 2005/003766 PCT7US2004/019017 

suggested that these nuclear receptors are important partners of the coactivator PGC-lo^.a key 
molecule in mitochondrial biogenesis (Puigserver et al. (2003). Endocr Rev 24, 78-90). 
While nuclear receptors are critical to mitochondrial biogenesis (Scarpulla, R. C. (2002). 
BiochimBiophys Acta 1576, 1-14), to our knowledge, none has previously been reported to 
be co-regulated with the mitochondrial genes themselves. Interestingly, a recent report 
demonstrated that PGC-la co-activates Essra gene expression (Schreiber et al. (2003). J 
Biol Chem 278, 9013-8). Applicant's results raise the hypothesis that this may be a general 
phenomenon, in which PGC-la is co-activating a number of its own transcriptional partners. 

A number of other transcriptional regulators also have expression patterns very tightly 
regulated with the mitochondrial genes, including Mdfi, Nfix, Tbx6, and Crsp2. These 
excellent candidate transcription factors that may be targets of PGC-la, or perhap 
involved in other mechanisms leading to the biogenesis of this organelle. 



are 
s are 



Surprisingly, the nutrient sensor Sir2 is also found within the mitochondrial expression 
neighborhood. Sir2 encodes an NAD(+)-dependent histone deacetylase which is homologous 
to the yeast silent information regulator 2 (ySir2). Sir2 is involved in gene silencing, 
chromosomal stability, and aging. Chromatin remodeling enzymes rely on coenzymes 
derived from metabolic pathways, including those generated by the mitochondrion. These 
observations suggest that Sir2 and mitochondrial gene expression are cooperatively regulated, 
perhaps linking the mitochondrion to the nutrient sensing activities of Sir2. 



Third Experimental Series 

The following experimental procedures were followed in the third experimental series: 

Data Scaling, Visualization, and Annotation Enrichment. Microarray data were acquired 
and subjected to linear scaling using the median scan as a reference. Data were visualized 
using the dChip software package (10) and enrichment by ontology terms determined with 
the GoSurfer tool, using a P-value of 0.01 (1 1). Mitochondrial genes were defined based on a 
recent proteomic survey of organelle in mouse (12). 

Promoter Databases. Applicants used the Reference Sequence annotations of mm3 build of 
the mouse genome (http://genome.ucsc.edu) and the annotation tables for the Affymetrix 
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MG-U74Av2 chip (http://ww.affymetrix.com) to compile a list of 5034 mouse genes for 
which there is a 1 : 1 mapping between Affymetrix probe-set and Reference Sequences. The 
'mouse promoter database' consists of 2000bp of genomic sequence centered on the 
annotated transcription start site of these genes. 

Applicants also performed analyses on a 'masked promoter database', consisting of 
the regions within these 2000bp that are aligned and conserved between mouse and human 
Applicants used the mouse/human BLASTZ alignments (mouse mm3 vs. human hgl5) (13) 
and only considered the 5008 promoters for which the alignment contained at least lOObp. 
Applicants masked the aligned promoters to retain mouse sequence exhibiting at least 70% 
identity to human across windows of size 10. The median promoter length in the masked 
database is ~ 1200bp. 

Motif discovery. For a given day, genes from the microarray are ordered on the basis of 
expression difference between GFP and PGC-lcc (applicants use the signal to noise ratio as 
our. difference metric). Each gene is annotated for the presence of a motif in the promoter by 
searching for exact *-mers (where * = 6, 7, 8 or 9) or for selected motifs of interest. 
Applicants use the Mann-Whitney rank sum statistic Uto determine whether the distribution 
of differential expression for those genes with a given motif differs from those genes lacking 
the motif. When working with promoters of unequal length {e.g. , the masked promoter 
database), a more appropriate null hypothesis for the Mann-Whitney statistic is that the 
probability of detecting a motif in apromoter is proportional to its length. To assess the 
significance of a motif with rank sum t/that appears in Cpromoters, applicants use Monte 
Carlo simulation (with 1000 samples) to estimate the null distribution of C/for a sample of C 
ranks drawn randomly, without replacement, given relative weights proportional to the 
promoter lengths. For large C (O10) and a reasonable distribution of promoter lengths, Uis 
approximately normally distributed. 

Promoter databases and motifADE source code are available at http://www- 
genome.wi.mit.edu/mpg/PGC_motifs/. 

Example 14: Discovering motifs associated with differential expressim.. 

Systematic identification of transcription factors involved in biological processes in 
mammals remains a largely unsolved problem (17). A promising approach relates genome- 
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wide expression profiles to promoter sequences to discover influential c*-motifs (18-21) 
Such methods have yielded impressive results in simple organisms such as yeast, but it has 
been challenging to extend these algorithms to mammalian genomes, where intergenic 
regions are large, annotation of gene structure is imperfect, and DNA sequence can be highly 

repetitive. Mostofthese methods seek motifs by comparison toafixed background model of 
nucleotide composition (which fails to represent the fluctuations seen in large genomes) or by 
comparison between two sets of genes (which is likely to capture only very sharp 
differences). Further, many of these methods assume that the expression data are normally 
distributed, which may not always be true. 

To overcome some of these obstacles, applicant, devised a simple, nonparametric 
strategy for identifying motifs associated with differential expression (motifADE) (Fig 10a) 
The algorithm involves three steps: (i) ranking genes based on differential expression 
between two conditions; (ii) given a candidate motif, identifying the subset of genes whose 
promoter regions contains the motif; and (hi) testing via a nonparametric, rank sum statistic 
(see Methods) if these genes tend to appear toward the top' or bottom of the ranked bat 
(tnmcating association) or are randomly distributed on the list. motifADE may be applied to a 
spemfic candidate motif of interest or to the list of all possible motifs of a given size (in 
whrch eaae the significance level should be adjusted to reflect multiple hypothesis testing) 
By usmg a nonparametric scoring procedure (see Methods), appHcants do not make 
assumptions about the dtoribution of the expression data. Furthermore, by considering the 
enure rank ordered list, the promoters without the motif implicitly provide a background of 
DNA composition for comparison, and there is no need to group the genes into clusters The 
method can operate on a traditional promoter database or even a database of promote that 
have been masked based on evolutionary conservation (see Methods). 

Example IS: Binding sites for F.rm and Gjflaa ». ,»„ „■„-■.„ mo „ f . .^.^ 
with the mc-la rianacrip tional p rnf n- am 

To identify motifs related to PGC-la action, applicants infected mouse C2C12 
muscle cells with an adenovirus expressing PQC-la and obtained gene expression profiles 
for 12,488 genes at 0, 1, 2, and 3 days following infection. Applicants found 649 genes mat 
were induced at leas. 1.5- & ld (nominal P<0.05) a. day 3. As expected, these were enriched 
for genes involved in caAohydrate metabolism and the mitochondrion (see (1)). mteresting.y 
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many genes involved with protein synthesis (GO terms: protein biosynthesis, mitochondrial 
ribosome andribosome) are also induced. 

Applicants then applied motifADE to study the 5034 mouse genes for which 
applicants have measures of gene expression as well as reliable annotations of the 
transcriptional start site (TSS) (see Methods). For each gene, the target region was defined to 
be a 21cb region centered on the TSS. Applicants then tested all possible *-mers ranging in 
size from A=6 to *=9 nucleotides for association with differential expression on each of the 
three days of the timecourse. A total of 20 motifs achieved high statistical significance 
6*0.001, following Bonferroni correction for multiple hypothesis testing) and these were 
almost exclusively related to two distinct motifs (see Table 8 and Table 9). The first motif, 
5'-TGACCTTG-3> was significant on days 1, 2, and 3 (adjusted ^.lxlO" 6 , 2.9X10" 9 and 
7.7xl0- 7 , respectively). It corresponds to the published binding site for the orphan nuclear 
receptor Erra (22), which is known to be capable of being co-activated by PGC-l-cc and -/? 
(23-25). The Erra gene is known to be involved in metabolic processes, based on studies 
showmg that knockout mice have reduced body weight and peripheral fat tissue, as well as 
altered expression of genes involved in metabolic pathways (26). The second motif is 5'- 
CTTCCG-3' (adjusted^xlO-), which is the top scoring motif on day 3. It corresponds to 
the pubhshed binding site for Gabpa (27), which complexes with Gabpb (15) to form the 
heterodimer, nuclear respiratory factor-2 (NRF-2), a factor known to regulate the expression 
of some OXPHOS genes (28). 

Interestingly, the reverse complements of these motifs did not score as well 
suggesting a preference for the orientation of these motifs, and some occurrences of the 
motifs occurred downstream of the TSS. While each of these motifs is individually associated 
with PGC-1A, our analyses suggest that a gene having both motifs typically ranks higher on 
the hst of differentially expressed genes and genes with only one of the motifs (Figure 12) 
suggesting that the two motifs might have an additive or synergistic effect. 

Example 16: Erm and Gabpa motifs »re evoh,rinn„H, v . 0Pser yed and 
upstream o f OXPHOS r « M 

Applicants next repeated motifADE analysis using a "masked" promoter database 
(Table 3). Applicants still considered the 2000bp centered on the TSS, but only considered 
those nucleotides aligned and conserved between mouse and human (see Methods). Still the 
top ranking motifs on days 1 and 3 were related to Erra (day 1, P=4.8xl0^; day 3 iM 2xV 
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") and to Gabpa (day 3 P=3.1xl0""), providing additional support these motifs are 
biologically relevant. 



The Erra and Gabpa motifs are particularly enriched upstream of the OXPHOS-CR 
genes, which exhibit reduced expression in human diabetes (5, 6). Whereas the top scoring 
Erra motif (5'-TGACCTTG-3 ' or its reverse complement) only occurs in 12% of the 
promoters in the database, in 29% of the PGC-responsive genes (*.*., those genes induced at 
least 1.5 fold on day 3), and in 27% of the mitochondrial genes, they are found in 52% of the 
OXPHOS-CR genes (significance of enrichment, /MxMT 4 ). About one-half of these sites are 
perfectly conserved in the syntenic region in human. The top scoring Gabpa binding sites (5«- 
CTTCCG-3' or its reverse complement) are much more common (62% of all promoters of 
the database and in 79% of the PGC-responsive genes), but they, too, show significant 
enrichment in the OXPHOS-CR genes (89%, iM).02). 

Example 17: Erra and Gabpa are themselves induced bv POfVl™ 

The above results suggest that Erra and Gabpa may be the key transcriptional factors 
mediating PGC-la action in muscle. In this connection, it is notable that based on the 
microarray data, both Erra and Gabpa are themselves induced 2-fold (/><0.01) on day 1 
following expression PGC-lq consistent with previous studies (2, 23). Moreover, careful 
analysis of the Erra and Gabpa genes suggest that each contain potential binding sites for 
both transcription factors within the vicinity of their promoters. The Erra gene has the Erra 
motif as well as a conserved variant of the Gabpa binding site (27) upstream of the TSS, 
while the Gabpa gene has an Erra site upstream of the TSS and a conserved variant of the 
Gabpa binding site in its first intron .These results raise the possibility that Erra and Gabpa 
may regulate their own and each other's expression. 

Taken together, the systematic analysis of the transcriptional program driven by PGC- 
la in skeletal muscle suggests a model (Fig. 1 1) in which increases in PGC-la protein levels 
(induced, for example, by exercise, e.g. see (29)) results in increased transcriptional activity 
of Gabpa and Erra on their own promoters, leading to a stable increase in the expression of 
these two factors via a double positive-feedback loop. These two factors, perhaps in 
combination with PGC-la, are then crucial in the induction of downstream target genes, 
many of which have binding sites for these motifs (Fig. 1 1). Such a circuit may serve as a 
regulatory switch, analogous to a feed-forward loop that plays a key role in the early stages of 



-95- 



WO 2005/003766 
endomesodermal development in sea urchin (30). 



PCT/US2004/019017 



Ex periment 18: MotifADE results applied to human diabetic versus nonn,. 

Applicants applied the MotifADE method to analyze the transcription factor binding 
sites that are differentially expressed in diabetic vs. normal human skeletal muscle 
(previously published data, Mootha et al Nature Genetics 2003). The program identified 
exactly three motifs achieving an adjusted P-value < 0.05. These are AAATCG (adjusted P- 
value 0.003), CCGGAAG (adjusted P-value 0.039), and AGCGTTT (adjusted P-value 
0.01 1). Applicants note that the second motif is a published binding site for Gabpa (reverse 
complement of CTTCCG). This results suggest that Gabpa function is altered in diabetic 
muscle, or that perhaps another transcription factor that binds to this element. 

Experiment 6: Identification of human genes having binding sites for Errcc, Gabpa or 
both 

Applicants searched for the binding sites motifs (forward or reverse complement) 3 
Kb upstream and 1 Kb downstream of the annotated transcription start site. Li the 
accompanying files are the genes with either one motif (forward or reverse complement) or 
both motifs conserved between human and mouse. The following genes were identified: 
Table 10: 678 genes with Erra motif conserved between mouse and human. Tablell: 2799 
genes with Gabpa motif conserved between mouse and human. Table 12: 354 genes with 
both motifs conserved between mouse and human. 

Discussion of First Experimental Series 

In this study, applicants have used a combined genomic and computational strategy to 
systematically dissect a mammalian transcriptional circuit central to cellular energetics. The 
results above have computational, biological and medical implications. 

First, the motifADE algorithm provides a simple, nonparametric approach for 
discovering cis- elements by considering differential gene expression. It makes very few 
assumptions about the statistical properties of DNA composition or about the distribution of 
gene expression. The method is flexible, and as applicants have shown, can easily incorporate 
"masked" or "phylogenetically footprinted" promoters. With additional cross-species 
comparisons, it should be possible to interrogate conserved segments of larger upstream 
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regions (34). Moreover, the method operates on any ordered set of genes and is particularly 
convenient for discovering motifs associated with human disease states, e.g., "healthy versus 
sick" or Seated versus control .- Clearly, the method has some limitations. For example in 
the current study, applicants were confident in the identity of the transcription factors binding 
the motifs discovered - in general this may not be the case, and experimental strategies will 
be needed to systematically determine the occupancy of newly identified motifs. Moreover a 
motif may be missed if it lies outside the target promoter region, or if a functional binding ' 
site is too degenerate for our motif search strategy. 

Second, the analyses above indicate that the immediate effects of PGC-la on 
OXPHOS genes in muscle are largely mediated through Erra and Gabpa. Recent studies have 
shown that PGC-1/3 can also co-activate Erra (25). Together, the data imply a model of gene 
regulation in which PGC-la (and likely PGC-1/3) initially induces the expression of Erra and 
Gabpa, via a double positive feedback mechanism (Fig. 1 1). These transcription factors are 
then expressed at higher levels and are themselves co-activated by PGC-1 to induce 
downstream genes such as NRF-1 and members of OXPHOS. Certainly, other transcription 
factors and regulators, not identified in the current study, are involved in the mitochondrial 
biogenesis program. Whereas previous studies have shown that PGC-1 interacts with and/or 
induces 15-20 transcription factors in various physiological settings (including Erra and 
Gabpa (2, 23-25), the present study points to Erra and Gabpa as being especially important 
early in the timecourse in muscle and provides a model of how these factors interact in 
executing the transcriptional program. 

Finally, the results suggest a potential approach to the treatment of type 2 diabetes 
Recent studies in diabetic and pre-diabetic humans have demonstrated that there is a 
consistent decrease in the expression of genes of oxidative phosphorylation that are 
responsive to PGC-la and PGC-1/3 and that treatments that induce PGC-la (such as 
exercise) lead to increased expression of OXPHOS genes and improved insulin sensitivity (5 
6, 8, 9) . On its face, this might argue for developing therapeutic approaches that raise the 
transcriptional activity of PGC-1. However, PGC-1 activates many different pathways in 
many tissues and such approaches may suffer from lack of specificity. For example, global 
transgenic overexpression of PGC-1/3 in mice results in resistance to obesity induced by a 
high-fat diet or by a genetic abnormality, though the contribution of PGC-1/3 expression in 
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muscle has not been explored (25). On the other hand, a global knockout of Erra also causes 
a leaner phenotype and resistance to high-fat diet-induced obesity (26). The identification of 
the critical roles of Erra and Gabpa in mediating the transcriptional program altered in human 
diabetic muscle may offer a more specific target. Because Erra is an orphan nuclear receptor, 
it may be an attractive, "druggable" target for diabetes and for other human metabolic 
disorders. 
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Tables: 

Table 1: Clinical and biochemical characteristics of male subjects with normal glucose 
tolerance (NGT), impaired glucose tolerance (IGT), and type 2 diabetes mellitus (DM2). 



NGT 



Class 
IGT 



DM2 



/"-Value 

NGT vs. IGT IGT vs. DM2 NGT vs. DM2 



n 



17 



8 



18 
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Age (yrs) 


66.1 (1.0) 


66.4(1.6) 


65.5 (1.8) 








BMI (\cQ/mh 

WHR 


zj.o (3.4) 
0.91 (0.09) 


27.1 (4.8) 
0.97 (0.04) 


27.3 (4.0) 
0.99 (0.03) 


3.00 x 10" 2 


• 


5.70 x 10" 3 
3.83 x 10" 3 


Trigs (mmol/L) 
Choi (mmol/L) 


1.03 (0.40) 
5.39 (0.09) 


1.83 (1.60) 
4.60(1.48) 


2.04 (1.13) 
5.77 (0.97) 






2.63 x 10" 3 


OGTT 














Glucose 0 (mmol/L) 
Insulin 0 (uU/ml) 
Glucose 120 (mmol/L) 
Insulin 120 (uU/ml) 


4.67 (0.50) 
5.41 (3.3) 
6.58 (0.94) 
33.5 (19.3) 


5.05 (0.46) 
13.38(8.9) 
9.15(0.8) 
125.1 (66.1) 


7.83 (2.3) 
12.0 (6.0) 
14.9 (4.0) 
43.5 (25.6) 


4.05 x 10" 2 
2.51 x 10- 6 
5.47 x 10" 3 


9.22 x 10' 5 

8.91 x 10" 6 
9.73 x 10~ 3 


2.01 x 10" 3 
4 10 y in -4 
4.90 x 10- 8 


ivi-vaiue (mg/Jcg/min) 


8.74(3.15) 


6.32(3.08) 


4.22 (1.72) 






2.30 x IQT 5 


V02max (ml 0 2 /kg/min) 


32.1 (5.46) 


26.5 (4.6) 


24.3 (5.6) 


1.72 xlO' 2 




3.09 x 10* 4 


Glycogen (mmol/kg) 


371.1 (77.0) 


326.5 (88.0) 


350.6(97.8) 








Type I Fibers 














Number (%) 
Area (%) 
Capillaries/Fiber 


37.2 (13.5) 
39.1 (14.4) 
3.91 (0.72) 


33.5 (3.6) 
32 7 (O 9n 
4.05 (1.04) 


36.4 (9.3) 
4.14(0.75) 




2.35 x 10" 2 




Type lib Fibers 














Number (%) 
Area (%) 
Capillaries/Fiber 


73.8 (42.1) 
31.3 (18.0) 
2.97 (0.71) 


60.2(51.4) 
24.7 (18.3) 
3.05 (0.87) 


72.2 (36.7) 
36.2(15.4) 
3.02 (0.65) 









Values are mean (S.D.). 

M-value is the total body glucose uptake. VOlmax is the total body aerobic capacity 
Only P-values < 0.05 are shown for pairwise comparisons, using a two-sided t-test. 



-101- 



WO 2005/003766 



PCT7US2004/019017 



Table 2: 149 gene sets considered in the current analysis. 



Pathways Curated at WICGR 

FFA Oxidation 

Gluconeogenesis 

Glycolysis 

Glycogen metabolism 
GO:0005739 
Insulin signaling 
Ketone body metabolism 
Pyruvate metabolism 
Reactive oxygen species 
Kreb's cycle 

Oxidative phosphorylation (OXPHOS) 
human_mitoDB_6_2002 
mitochondria keyword 



36 GNF Mouse Expression 
Clusters 

cluster c0,..., cluster c35 

Pathways from NetAFFX (October 2002) 

MAP00010J31ycolysisj31uconeogenesis 
MAPOOOZO^Citrate^cycle^TCA^cycle 
MAP00030_Pentose_phosphate_pathway 
MAP0003 1 Jnositol_metabolism 

^00040^Pentose_and_glucuronateJnterconversions 
MAP0005 lJFructose_and_mannose metabolism 
MAP00052_GaIactose_metabolism ~ 
MAP00053_Ascorbate_and_aldarate_metabolism 
MAPOOOei^Fatty^acidJbiosynthesis^ath^l 
MAP00062JFatty__acid biosynthesis_path 2 
MAP0007 LFatty^acid^metabolism 
MAP00072__Synthesis_and_degradation of ketone bodies 
MAP00100_SterolJ>iosynthesis 

MAP0Q120_BilejteidJjiosynthesis 

MAP00130_UbiquinoneJbiosynthesis 

MAP00 1 40_C2 l_SteroidJiormone_metabolism 

MAP00150_Androgen_and_estrogen_metabolism 

MAP001 90_Oxidativejjhosphorylation 

MAPOO 1 93_ATP J5 ynthesis 

MAP00195J>hotosynthesis 

MAP00220 - Urea^cycle^and_metabolism of amino croups 

MAP00230J>urine_metabolism 

MAP00240j J yrimidine_metabolism 

MAP00251Jjlutamate_metabolism 

MAP00252_AIanine_and_aspartate_metabolism 

MAP00253_TetracycIine_biosynthesis 

MAP00260_Glycine_serine_and_threonine metabolism 

MAP0027 lJVIethionine_metabolism 

MAP00272_Cysteine_metabolism 

MAP00280_Valine_leucine - .andJsoleucine_degradation 

MAP00290_VaIineJeucine__andJsoleucine biosynthesis 

MAP00300_LysineJ>iosynthesis 

MAP003lO_Lysine_degradation 

MAP00330_Arginine_and_proline_metabolism 

MAP00340_Histidine_metabolism 

MAP00350JTyrosine_metabolism 

MAP00360_Phenylalanine_metabolism 

MAP00361_gamma_Hexachlorocyclohexane degradation 

MAP00380jrryptophan metabolism 

MAP00400^PhenylalanSe_tyrosine_and^tryptoph^ 
MAP00410 beta_Alanine metabolism 



(cont^d) " 

MAP00430„Taurine„and3ypotauTine metabolism 
MAP00440_Aminophosphonate_metabolism 
MAP00450_Selenoamino_acid metabolism 
MAP00460_Cyanoamino_acid"metabolism 

MAP00480J31utathione_metabolism 
MAP005G0_Starch_and_sucrose metabolism 
MAP00510J^GIycansJ>iosynthesis 
MAP0051 l_N_Glycan_degradation 
MAP00512J}J31ycansJ>iosynthesis 
MAP00520_Nucleotide_sugars_metabolism 
MAP0052 l_StreptomycinJjiosynthesis 
MAP00522_ErythromycinJ)iosyn thesis 
MAP00530_Aminosugars_metabolisrn 
MAP00531_Glycosaminoglycan_degradation 

MAP00533^Keratan_sulfate_biosynthesis 

MAP00550J>eptidoglycanJ)iosynthesis 

MAP00561_GlyceroIipid_metabolism 

MAP00562JnositoI_phosphate_metabolism 

MAP00S70_Sphingophospholipid_biosynthesis 

MAP00580_Phospholipid_degradation 

MAP00600_Sphingoglycolipid_metabolism 
^^A^^S! 00d ^ 0Up ^ lycoli P id - bi0S >^ th ^ i sJact series 
W00602_Blood^up^ycolipid^biosynmesis„neoracLseri 

MAP00603_Globosidejrietabolism 

MAP00620JPyruvate_metabolism 

MAP00625JTetrachloroethene_degradation 

MAP00631JJ2j}i C h1oroethane_degradation 

MAP00632_Benzoate_degradation 

MAP00640_Propanoate_metabolism 

MAP00643_Styrene_degradation 

MAP006S0JButanoate_metabolism 

MAP00670_One carbon_poolJ)y_folate 

MAP00680_Mem"ane_metabolism 

MAP00710j:arbonJixation 

MAP00720_Reductive_carboxylate_cycle_CO2 fixation 
MAP00740_Rib o flavin metabolism 
MAP00750_Vitamin_B6_metabolism 
M^00760_Nicotinate_and_nicotinamide_metabolism 
MAP00770JPantomenate_and_CoA biosynthesis 
MAP00780JSiotin_metabolisrn " 
MAP00790J?olate_biosynthesis 
MAP00830J*etinol_metabolism 

MAP00900JTerpenoid biosynthesis 

MAP00910^Nitrogen_metaboIism 

MAP00920^Sulfur_metabolism 

!^°°9S mavono ^^ biosynthesis 
MAP00950_Alkaloid_biosynthesis I 
MAP00960_AlkaloidJ>iosynthesisll 
MAP00970_AminoacyLtRNA_bio"synthesis 
MAP03020__RNA ^polymerase 
MAP03030JDNA_po1ymerase 
MAP03070^TypeJILsecretion system 
MAP03090^Type_ILsecretionJystem 
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1 Table 3. Genes in the mitochondria expression neighborhood with putative roles 
in DNA maintenance and repair based on Gene Ontology annotations. The gene 
name, symbol, and neighborhood index (A/ 100 ) are provided for each gene. 



Gene name 



Gene 
symbol 



Transcriptional regulators 



MyoD family inhibitor 
nuclear factor I/X 



Mdfi 



63 



Nflx 



60 



zinc finger protein 288 
T-box 6 



ZJp288 



56 



Cofactor required for Spl transcriptional activation subunit 



Tbx6 



RIKENcDNA9130025P16 gene 



Kruppel-like factor 9 



Crsp2 



9130025P16R 
ik 



Klf9 



49 



47 



46 



43 



EGL nine homolog 1 



Eglnl 



39 



Estrogen related receptor, alpha 



nuclease sensitive element binding protein 1 



sirtuin 1 (silent mating type information regulation 2 
homolog) 



peroxisome proliferator activated receptor alpha 



metastasis associated 1-lilce 1 



NK2 transcription factor related, locus 5 



cardiac responsive adriamycin protein 
homeoboxD8 



nuclear receptor subfamily 1, group I, member 2 



Esrra 



Nsepl 



Sirtl 



Ppara 



Mtalll 



Nkx2-5 



Cra P 



Hoxd8 



Nrli2 



36 



34 



31 



29 



28 



27 



24 



21 



21 



nuclear receptor subfamily 1, group H. member 3 

cellular nucleic acid binding protein 

transcription factor 2 



Nrlh3 



Cnbp 



Tcf2_ 



20 



19 



19 



Est2 repressor factor 



nuclear receptor subfamily 5, group A, member 1 

nuclear factor, erythroid derived 2,-like 1 

zinc finger protein 30 



peroxisome proliferator activated receptor gamma 



cAMP responsive element binding protein 1 



SRY-box containing gene 6 



CCAAT/en hancer binding protein (C/EBP), alpha 



Erf 



Nr5al 



Nfe2ll 



z/pso 



Crebl 



Sox6 



19 



18 



18 
17 



17 



15 



15 



Cebpa 



15 



DNA repair 



mutL homolog 1 
mutS homolog 5 



Mlhl 



29 



Msh5 



24 



excision repair cross-complementing rodent repair 
deficiency, complementation group 1 



Erccl 



15 
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Table 8 sh ows motifs associated with differential expression on days 1, 2, andX" 

Nominal P- Adjusted 

Day Motif Frequency value P-value Annotation 

0-07 3.15E-11 2.06E-06 Erra 

0-02 4.59E-10 1.20E-04 Erra 



1 



TGACCTTG 
TGACCTTGA 



Reference 



(22) 



TGACCTTG 
TGACCTT 
TGACCT 
GACCTTG 
GACCTT 
TTGACC 



0.07 
0.16 
0.45 
0.16 
0.41 
0.27 



4.4.4E-14 
3.62E-12 
1.46E-H' 
7.92E-11 
1.42E-09 
2.42E-07 



2.91E-09 
5.93E-08 
5.97E-08 
1.30E-06 
5.81E-06 
9.92E-04 



Erra 
Erra 

NR. half-site 
Erra 
Erra 
Erra 



(22) 
(35) 



CTTCCG 0.33 2.19E-12 

TGACCTTG 0.07 1.17E-11 

TGACCTT 0.16 1.23E-10 

CCCGCC 0.54 2.04E-08 

GCGGCG 0.43 3.78E-08 

AGGTCA 0.42 3.90E-08 

CTTCCGG 0.16 1.95E-08 

TTCCGG 0.31 1.09E-07 

GGGGCG 0.54 1.24E-07 

TTCCGCT 0.07 3.30E-08 

GCCGGC 0.42 1.57E-07 

ACTTCCG 0.09 5.11E-08 



8.97E-09 
7.66E-07 
2.02E-06 
8.36E-05 
1.55E-04 
1.60E-04 
3.19E-04 
4.46E-04 
5.08E-04 
5.41E-04 
6.44E-04 
8.38E-04 



Gabpa 

Erra 

Erra 



NR half-site 

Gabpa 

Gabpa 



Gabpa 
Gabpa 



(36) 
(22) 



(35) 



motifADE was performed using the mouse promoter database on each of days 1 2 and 3 All 
motifs achieving a Bonferroni-corrected P-value < 1 x 10" 3 are shown. Annotations of the 
motif and the literature references, when available, are indicated. 
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Table 9 
PO.05 



motifs discovered using the mouse promoter database achieving 



Day 


Motif 






Adjusted P- 


Frequency 


P-value 


value 


1 


TGACCTTG 


0.07 


3.15E-11 


2 06E-06 

**«vuxv \J\J 




TGACCTTGA 


0.02 


4.59E-10 


1 20E-04 




GACCTTGA 


0.05 


5.76E-08 


3 77F-03 




GACCTTG 


0.16 


1.54E-06 


2 53F-09 




GTCACG 


0.18 


8.04E-06 


3 29F-09 


2 


TGACCTTG 


0.07 


4.44E-14 


2 91F-OQ 

X I2i~\Jzt 




TGACCTT 


0.16 


3.62E-12 






TGACCT 


0.45 


1.46E-11 


5 97E-0R 




GACCTTG 


0.16 


7.92E-11 


1 30E-06 




GACCTT 


0.41 


1.42E-09 


5 8 1F-06 

^ • KJ X X-/ \J\J 




TTGACC 


0.27 


2.42E-07 


9 92E-04 




GTGACCTT 


0.05 


3.86E-08 


2 53F-CH 

^•*/JX> uj 




GTGACCT 


0.15 


3.91E-07 


6 41F-0^ 

W.T IXv UJ 




GTGACCTTG 


0.02 


3.97E-08 


1 04F-09 




TGACCTTGA 


0.02 


4.63E-08 


1 21F-0? 

X • X XZt \JZ* 




AGGTCA 


0.42 


3.46E-06 


1 49F-09 




CGCTGAGG 


0.04 


3.06E-07 


2 01F-09 




GACCTTGA 


0.05 


3.33E-07 


2 19F-09 




AGGTCAC 


0.13 


1.99E-06 


3 96F-09 




GTGACC 


0.40 


8.80E-06 


3 61F-09 


3 


CTTCCG 


0.33 


2.19E-12 


R Q7F-0Q 




TGACCTTG 


0.07 


1 17E-11 


/ .oon-u / 




TGACCTT 


0.16 


1 23E- 10 


9 hot? n< 




CCCGCC 


0.54 


2 04E-08 






GCGGCG 


0.43 


3 7RF-0R 


1.DDJD-U4 




AGGTCA 


0.42 








CTTCCGG 


0.16 


1 95E-0R 


^ 1 OT7 fk/f 




TTCCGG 


0.31 


1.09E-07 


4.46E-04 




GGGGCG 


0.54 


1.24E-07 


5.08E-04 




TTCCGCT 


0.07 


3.30E-08 


5.41E-04 




GCCGGC 


0.42 


1.57E-07 


6.44E-04 




ACTTCCG 


0.09 


5.11E-08 


8.38E-04 




GACCTT 


0.41 


2.72E-07 


1.11E-03 




CGGGGC 


0.51 


4.86E-07 


1.99E-03 




ATGGCGGC 


0.05 


4.76E-08 


3.12E-03 




GACCTTG 


0.16 


1.90E-07 


3.12E-03 




CTTCCGGC 


0.05 


7.34E-08 


4.81E-03 




ATGGCGG 


0.11 


3.24E-07 


5.31E-03 




AAGATGGCG 


0.03 


2.07E-08 


5.43E-03 




CCGGGG 


0.47 


1.43E-06 


5.85E-03 
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GCGGAC 0.24 
GGCGGC 0.48 
TCACGG 0.19 
GTGACCTT 0.05 

CCGGCT 0.39 

GGCCGG 0.47 

TCACCG 0.21 

GCCGGG 0.49 

CGCCTT 0 30 

CGGACC 0.24 

TTCCGC 0.23 

CGCTGA 0.26 

CCCCGC 0.51 

CGCGAG 0.24 

GTCACG 0.18 

CGTCCT 0.25 

AAGGTCA 0.15 

GCCCGG 0 49 

CCGCCG 0.36 

TCCGGG 0.42 

AAGATGGC 0.08 

GGCGGA 0 40 

GGGCGG 0.58 

CGGGCG 0.38 

ACCCCG 0.31 

CGCGCC 0.37 

CGCCTC 0.41 

TTCCCG 0.34 

GGGTCGTGG 0.01 

CGGCGG 0.40 

CCGGAA 0.30 

CGTC GC 0.16 



1.52E-06 
1.55E-06 
1.79E-06 
1.23E-07 
2.23E-06 
2.24E-06 
2.79E-06 
2.81E-06 
2.93E-06 
3.33E-06 
3.42E-06 
3.44E-06 
3.55E-06 
3.71E-06 
4.14E-06 
4.15E-06 
1.28E-06 
5.14E-06 
5.25E-06 
5.75E-06 
3.93E-07 
6.56E-06 
7.63E-06 
7.77E-06 
8.07E-06 
8.13E-06 
9.12E-06 
9.44E-06 
1.56E-07 
1.01E-05 
1.14E-05 
1.15E-05 



6.23E-03 
6.35E-03 
7.31E-03 
8.07E-03 
9.13E-03 
9.16E-03 
1.14E-02 
1.15E-02 
1.20E-02 
1.36E-02 
1.40E-02 
1.41E-02 
1.46E-02 
1.52E-02 
1.69E-02 
1.70E-02 
2.10E-02 
2.11E-02 
2.15E-02 
2.35E-02 
2.57E-02 
2.69E-02 
3.12E-02 
3.18E-02 
3.30E-02 
3.33E-02 
3.74E-02 
3.86E-02 
4.09E-02 
4.15E-02 
4.68E-02 
4.73E-02 



days 1, 2, and 3 Motifs achieving a Bonferroni corrected Pvalue < 0 05 are 
shown MotifADE was performed using the mouse promoter database on 
.each of days 1, 2, and 3. Motifs achieving a Bonferli corrected P 
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Table 10 shows motifs discovered using the 
_database achieving P<0.05, 



masked promoter 



_Day Motif 



TGACCTTG 
TGACCTT 
AAGGTC 
CTTCCGG 



Frequency P-value Adjusted P-value 



0.04 
0.09 
0.20 
0.12 



TGACCT 
TGACCTT 
TGACCTTG 
GACCTT 
GTGACCTT 
GTGACCT 
AGGTCA 
GACCTTG 
GTGACCTTG 
GGTCAC 
ACCTTG 
AGGTCAC 
TTTTCGT 
TGACCTT 



0.26 
0.09 
0.04 
0.23 
0.03 
0.09 
0.25 
0.08 
0.02 
0.24 
0.22 
0.08 
0.02 



0.09 

CTTCCG 0.25 

TGACCTTG 0.04 

GTGACCTT 0.03 

CTTCCGG 0.12 

GTGACCT 0.09 

GACCTT 0.23 

ATGGCGGC 0.05 

GACCTTG 0.08 

TTCCGG 0.24 

CTTCCGGC 0.04 

TGACCT 0.26 

CCTTCCG 0.08 

AAGATGGCG 0.03 

ATGGCGGCG 0.03 

CCGGGG 0.38 

GGCGGG 0.52 

GTGACCTTG 0.02 

ACTTCCG 0.08 

AGATGGCG 0.04 

ATGGCGG 0.10 

AGATGGCGG 0.02 

AGGTCA 0.25 

CCCGCC 0.47 

CGGTGA 0.20 

GGCGGC 0.43 

GCGGCG 0.39 



7.30E-11 
2.65E-07 
7.83E-06 
2.56E-06 



1.43E-13 
1.74E-12 
2.59E-09 
4.88E-08 
3.23E-09 
1.58E-08 
2.04E-07 
7.65E-08 
3.02E-08 
2.00E-06 
2.05E-06 
8.57E-07 
1.96E-06 



4.78E-06 
4.34E-03 
3.21 E-02 
4.20E-02 



7.77E-16 

7.59E-14 

8.68E-13 

8.75E-13 

6.12E-12 

3.96E-11 

1.39E-09 

2.59E-10 

1.23E-09 

1.79E-08 

1.66E-09 

3.58E-08 

1.67E-08 

1.17E-09 

1.28E-09 

1.03E-07 

1.33E-07 

4.87E-09 

9.04E-08 

3.79E-08 

1.66E-07 

1.11E-08 

1.04E-06 

1.29E-06 

1.38E-06 

1.55E-06 

1.83E-06 



5.84E-10 
2.85E-08 
1.70E-04 
2.00E-04 
2.12E-04 
2.59E-04 
8.37E-04 
1.25E-03 
7.93E-03 
8.17E-03 
8.38E-03 
1.40E-02 
3.22E-02 



1.27E-11 

3.11E-10 

5.69E-08 

5.74E-08 

1.00E-07 

6.48E-07 

5.71 E-06 

1.70E-05 

2.01 E-05 

7.34E-05 

1.09E-04 

1.47E-04 

2.74E-04 

3.07E-04 

3.37E-04 

4.23E-04 

5.47E-04 

1.28E-03 

1.48E-03 

2.48E-03 

2.72E-03 

2.90E-03 

4.25E-03 

5.30E-03 

5.66E-03 

6.34E-03 

7.51 E-03 
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TTCCGCT 


0 05 


GCGTCA 


0 11 


ACTTCCGG 


0 04 


TTCCGC 


0 1ft 


CGTCCT 


0 17 


CTGCGG 


0 

\J.O\J 


CGGGGC 


U.*fO 


GCCGGC 


0.33 


CCGGCT 


0.27 


GACCTTCC 


0.03 


GGGCGG 


0.51 


CCGGCTT 


0.07 


CGGAAGT 


0.08 


TGGCGGC 


0.15 


AAGATGGC 


0.05 



4.87E-07 
2.30E-06 
1.89E-07 
3.93E-06 
4.00E-06 
4.81 E-06 
4.86E-06 
6.24E-06 
6.34E-06 
4.71 E-07 
8.43E-06 
2.15E-06 
2.22E-06 
2.52E-06 
6.97E-07 



7.98E-03 
9.41 E-03 
1.24E-02 
1.61E-02 
1.64E-02 
1.97E-02 
1.99E-02 
2.56E-02 
2.60E-02 
3.09E-02 
3.45E-02 
3.52E-02 
3.63E-02 
4.13E-02 
4.57E-02 



monfADE was performed using the masked promoter database 

consisting of regions of the promoters aligned and conserved 
between mouse and human. Motifs achieving a Bonferroni- 
corrected P-value < 0.05 are shown. 

Table 11: Genes having an Erra binding site motif 

(CA2), mRNA , ^4557394^ OMO^S- 3 S° Zt?2 ° 

15 (complement) (HF1), ^ gi^T^SS 1 
"Homo sapiens hydroxysteroid (1 1-beta) dehydrogenase 2 fmni 1 Jw ^ r 000196 ' 
gi|31542940|refINM_000196.2|[31542940]!SToo^ ■ , 

gated channel, Isk-related family, member V^cX) mk^X^ * 

20 ^/ 768 t eflNJ f-°°? 219 - 1 l[ 4557686 3» 10:S St; sapiens keratin 9 
20 (epidermolytic palmoplantar keratoderma) (KRT9) mRNA" 

gi|4557704|ref|NM 000226.1|[45 577041- 11- NM nnrmT -'u 
(LIPC), mRNA", *557722|^ ( &^^; 12 I ^S oK ^' 
rmitL homolog 1, colon cancer, nonpolyposis type 2 ffi coli riSl V' ™pma Sapi6nS 
gi|28559089|ref]NM 000249.2|[285590891 ° onSS^ X ' mRNA > 

25 aminotransferase (gwate atrophVl (OAT\ Loll. M -°°°f 4 ' " Homo sa P iens ornithine 
mR^gi|45578 ( 0^^^^ 

kidney disease 2 (autosomal dominant)' ^2%^^ ' SaP16nS 
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gi|22507315| re f|NM 000347.31025073151 ITmi Mm^?™* " • 
oculocutaneous albinism IA) (TYR) mRNA'' ribiU^Ui ^£5£ 8 2S? 1B t^ 08111386 

mtac oxide synthase 3 (endothelial cell)"(NOS3) mRNA" ^-000603 , Homo salens 

gi|40254421|reflNM 000603.2|[402544211- 32- N^nn^id <>n 

reenter, beta (IL10RB), mRNA", ^443^14^^28^^"?^^^ 
Homo sapiens mterleuHn 8 receptor, alpha (IL8RA1 mRNA" NM 000634 , 

gi|29171679]ref|NM 000634.2|[2917 679] 36 TnM oS^ " W 

(ACY1), mRNA", ^im^^^^i^^ ""J*. 1 

TimSr l S, delta -- Synthase 1 (ALASl), transcript variant 1"^SNA ' ^ 
giK0316942|reJ|NM_000688.4|[40316942]; 38:NM 000711 ' ^ 

•""f ™ ~ " — • S ~ history 

2^o°oo?4? V™^™ 0 4 (CHRM4 >- miZ^Smi 
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stimulating factor 3 (granulocyte) (CSF3), transcript", "variant 1, mRNA" 

f 'TiT 7 ^- 000759 ' 2 ^ 27437047 ^ 44: NM_b00781 . "HoTstplens cytochrome P450 
family 11, subfamily A, polypeptide 1 (CYP11A1),", "nuclear gene encoding mkocCdrial 

aminobutync acid (GABA) A receptor, alpha 1 (GABRA1), rnRNA" g 
gi|38327553|reflNM 000806.3|[38327553]; 47: NM_000808 , "Horn; sapiens gamma- 
aminobutync acid (GABA) A receptor, alpha 3 (GABRA3), mRNA" 
10 gi|34734069|reflNM 000808.2|[34734069]; 48: NM.000813 , "Homo sapiens gamma- 

TSSSf°i5f . (G ^ A , re ^ptor, beta 2 (GABRB2),", "transcript variant 2, mRNA" 
taSS? 4 ^-000813.1|[4503864] ; 49: NM 000835 , "Homo sapiens glutan^tereceptor 
lonotropic, N-methyl D-aspartate 2C (GRIN2C) " mRNA i^epior, 

gil6006004|ref]NM_000835.2|[6006004]; 50: NM_000884 , "Homo sapiens IMP (inosine 
15 monophosphate) dehydrogenase 2 (IMPDH2), mRNA" Vnosine 

gi|4504688|reflNM_000884.1|[4504688];51:NM 000887 , "Homo sapiens integrin alpha X 
(antigen CD11C (pl50), alpha polypeptide)", "(ITGAX), mRNA" P 

gi|34452172|ref]NM 000887.3|[34452172]; 52: NM 000909 , "Homo sapiens neuropeptide Y 
~ceptorYl(NPYlR),m^^^^ 

20 "Homo sapiens opioid receptor, delta l(OPRDl), mRNA" a.naouwwn, 
&|27734716MNM^00911.2|[27734716]; 54: NM_0009i5 , "Homo sapiens oxytocin prepro- 
(neurophysml) (OXT), mRNA", gi|12707574|reflNM 00091 5.2|[12707574]; 5 KNM 0009^6 

25 Z « Sapi6nS PytUVate carbox y^e (PC), nuclear gene encoding 

mitochondrial", "protein, transcript variant A, mRNA" 

gi|l 1761622|reflNM_000920.2|[l 1761622]; 57: NM 000928 , "Homo sapiens phospholipase A2 

mrSrS? Vr5T°- fff^ 8 Phospholipase C, beta 3 (phosphatidylinositol-specific) 
(PLCB3),", mRNA, gi|l 138613 8M]NM_000932.1|[1 1386138]; 59: NM 000960 "Homo 
30 sapiens prostaglandin 12 (prostacyclin) receptor (IP) (PTGIR) mRNA" ~ ' nomo 
gi|39995095|reflNM_000960.3|[39995095]; 60: NM 001040 , "Homo s'apiens sex hormone- 
bmdmg globulin (SHBG), mRNA", gi|7382459|ref^MJ)01040.2|[73824^^^ 

^ToX n »u CraSe " 1S ° maltaSe (SI) ' mRNA "' ^ 5 ^l«#^-001041.1|[4506944] ; 62: ' 
or ur„i° 8 7 » ■ 5° mo sapiens angio-associated, migratory cell protein (AAMP) mRNA" 

SSSS^- 001 ^ 114557 ?^ 63: ^M- 001094 . "Homo sapiens amSsensitive 
SX^SX? i^ U .° nal ( deeenerin ) (ACCN1),", "transcript variant 2, mRNA", 
811 ^f 2 ??^^- 001094 - 4 ^ 34452696 ^ 64: NM.001099 , "Homo salens acid phosphatase 
prostate (ACPP), mRNA", gi|6382063MNM_001099.2|[6382063]; 65: Sof oTll04 Tfomo 

40 E,T« alpha 3 (ACT ^ 3)> T RNA "' S i l 4 557240NflNM_00n04.1|[45-57240]; 66: 
40 NM_001 1 18 , Homo sapiens adenylate cyclase activating polypeptide 1 (pituitary} receotor 

"type I (ADCYAP1R1), mRNA", gi|34398688|refINM_00 P l 1?3|[3«^S1? M?oSl52 
Homo sapiens solute carrier family 25 (mitochondrial carrier; adenine nucleotide WlocatorV 
member 5 (SLC25A5), mRNA", gi|4502098|ref|NM_001152.1|[4502098] 68:^ S 58 ^ 
Homo sapiens amine oxidase, copper containing 2 (retina-specific) (AOC2) " "transcript ' 
45 variant 1 mRNA", gi|6806880|reflNM_001158.2|[6806880], 69: NM 001164 Cmo sapiens 
amyloid beta (A4) precursor protein-binding, family B, member 1", 4^5) ^1),^^ 
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variant 1 mRNA", gi|22035552|ref]NM_001 164.2|[22035552]; 70- NM 001 165 "Homn 
sapiens baculoviral IAP repeat-containing 3 (BIRC3) transcript vmW 1 a 
gi 33946283|reflNM_001165.3|[33946283]; 71: ^U^o sL^ctl 

5 (BAK1 . } ' "^A", gi|33457353|ref|NM_001 18^1 [3 345 7^5 3^72:" 

3 KM 001215, Homo sapiens catbonic anhydrase VI (CAtS) mRNA" 

g.K557396MNM.001215.1| [ 4 55 7396];73 y :N M 00 £7 "H^piemr cadhenn 13 H 

» ... i„ 0m ° sap,ens cydm-dependent kinase 9 (CDC2-related IdnaseWrni™ 

NM_001501 , "Homo sapiens gonadotropin-releasing hormone 2 tONRmi h-.«^ . ■ / 
15 1,», mRNA, gi|4504056|reflNM_001501.1|[450405o? TO™ WlSOT^Hom^S T 
ffSSreS! ( T M8)> ™ ^45b4094T«S!om507^4lS^ ] ,°80 : 

sapiens CD1D antigen, d polypeptide (CD1D), mRNA" NM.001766 , Homo 

gt|34419629|ref|NM 001766.2|[34419629V 88- NM 001705 »u . ■ 

3 » VE-eadherin (vaseutar epitheltan) (CDH5) mRNA ' "'^ Cadhenn 5 ' 2 ' 

»|14589894|ref^M_001795^|[14589894];'89 ; NM 001805 , "Homo sapiens CCAAT/enW 
binding protein (C/EBP), epsilon (CEBPE) mRNA' r CCAAT/enhanoer 

35 HS^S^^ 

•.;S?r^. , i ' H ° m ° Sapiens crea ^e kinase, brain (CKB), mRNA" ^ /8 ^"J, 
gi 3433523 I reflNM 001823.3|[343352311- 92- MM nms<.Q .-w ' • 
familv -\ i frLr»L~ +J~ ^ J ' J \v^^^ ij, y^. MM_U01859 , "Homo sapiens solute carrier 
family 3 1 (copper transporters), member 1 (SLC3 1A1) " mRNA 

gi|40254457|ref]NM 001859.2|[40254457V 93- NM 001864 ■ 

oxidase subunit ^"polypeptide 1 (muscle) (C^aT mRNA ^ Cyt ° Chr ° me ° 

40 gi 18105034MNM 001864.2|[18105034V 94-NM OOiVrT^T 

NmToS S 3 H mU (CRYM) ' ^03064MNM <SiS.^feSSSS 96 

NM_001893 , "Homo sapiens casein kinase 1 delta frWT<riTY» h-o™„ • * .J\ ~„ 

gi|20544143|reflNM 001893.3|[205441431 97 NM Ool £ »w P V > mRN A", 

45 alph.lpolyp^ 

81 |29570794 MN M_001895.2, [ 29570794^ 98: NM^l^Hom 0 sapiens damage-specific 
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S^NM^ST^ 1, 12?kDa PI ? B1) ' mRNA "' giH3435358|reflNM 001923i|[l3435358]. 

erythroblastic leulcemia viral oncogene homolog ; (aVto) ^BsfrnR^ 
gi4503596|ref]NM 001982.1|[45035961- 101 NM <SXo« "iT }> ^ A ' 
mRNA", gi 4503664|reflNM Kl998 S«SmJSS« 5°nT S ^ 2 (FBLN2 >» 
growth factor 9 (gliaUvating factor) (FGF9) mRNA" - ^ . "Homo sapiens fibroblast 
gi|4503706|ref]NM 002010.1l[45037061- 103- NM nrwmo »w 

(FHIT), mRNA«, ^5037^1^^ 
refpSTM 002036.2|r428228861- ms-m/i nr>™<^ IL . J * 1U4 - NM_002036 , , 

gi|2030216 1M NiS!o 8 0^ 

nucleotide binding protein (G protein), alpha ^o^^l^S? E?™ 
gi|4504050 ref]NM 002073 .1 |[45040501 107- S nn^nsV m-et^^' mRNA", 

(Wtnembmne please, serine 1) S2S »2 Z£?l™ 
gt|4504480|ref|NM 002151.1|[4504480V 110 NM m£S «ii ' A ' t 

(antigen CD103, human mucosal lymphocyte antfsen^^l • »lnh^ ? aap.em mtegrin, alpha E 
f RNA», gi|6007850|ref|NM 002 2 S&?ffl S n3- NM C?1 7^ } 
(globulin) inhibitor, H3 polypeptide (ITTO) mRNA" NM - 002217 • Hom ° sa P«™ pre-alpha 
gi|10092578|reflNM_002217.1|[10092578V 1 14- NM Woon »w™ .... 

saptens potaaaium voltage-gated channelfaubfamilyH (eag-reteed I'^^uk^u 
Wcnptvanant2,mRNA», gi|27436999|reflNM 002238 ^SSw^-'nL S^ 

gi|24234693MNM OQ^pS^^S M?^^^ ^ I - 

acidic, 3B (KRTHA3B), mRNA", rtl^S^^3pS^&^ 

, Homo sapiens keratin, hair, acidic, 5 (KRTHA5) mRNA" '^ IL1DU22815 J> 121 • NM 002280 

gi|15431313|reflNM_002280.3|[154313131- l^MOO^ «w , 

(LTF), mRNA", gi|4505042|refU* 002343 1|[45^42V 123 ^^r^ 0 ^^ 1 

microtubule-associated protein 2 (MAP2), transcript variant "ml^ ' ° S3pienS 

gi|14195623|ref1NM_002374.2|[14195623]; lS NM 0023 7 8 ^™ ' ■ 

associated tyrosine kinase (MATK), transcript variant "2 mRNA" * me8akar y oc * e - 

gi|214508411reflNM 002378.2)[2 145084 11- 125 NM 002^0"^' 

iNivi _uuz4 1 s, Homo sapiens motihn (MLN), mRNA" 

g.H557033 M NM_002418. I , t 4557033 ] ; 127: _ „ Horao ^ ^.^^ 
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protein kinase kinase kinase 1 1 (MAP3K1 1), mRNA 11 

gi|21735553|reflNM^002419.2|[21735553]; 128: MM JJ02437 , "Homo sapiens MpV17 
transgene, murine homolog, glomerulosclerosis (MPV17) mRNA" 

5 ^ 7 ° 59 , 7 ^!^r 00 ^I;? l[3 7 059781]; 129: ^-002469 , "Homo sapiens myogenic factor 
5 6 (herculin) (MYF6), mRNA", gi|4505298|reflNM_002469.1 |[4505298]; 130: NM 002479 
Homo sapiens myogenin (myogenic factor 4) (MYOG) mRNA" 
gi|18765726|ref|NM_002479.2|[18765726]; 131: NM_002492 , "Homo sapiens NADH 
dehydrogenase (ubiquinone) 1 beta subcomplex, 5, 16kDa", "(NDUFB5), nuclear gene encoding 
mitochondrial protein, mRNA", gi|33519467|refjNM_002492.2|[335 19467]; 132: NM SSw 
iu Homo sapiens nerve growth factor, beta polypeptide (NGFB) mRNA" ~ ' 

390 £^ 133: NM.002527 , "Homo sapiens neurotropic 3 

(NTF3), mRNA", gi|9845503|reflNM_002527.2|[9845503]; 134: NM 002558 ,2 sapiens 
punnergic receptor P2X, ligand-gated ion channel, 1 (P2RX1) mRNA" 

15 So^Rf^ ,ref ^- 002558 ; 2,i:2 J 89 A 4283]; 13 ? : NM.002590 , "Homo 'sapiens protocadherin 8 
£S ^SFS? Vanant h mRNA "' 5116631 101 MNM_002590.2|[663 1101]; 136: 

'^S 01110 SapienS Phosphodiesterase 2A, cGMP-stimulated (PDE2A), mRNA" 
gi|4505656]re^M_002599.1|[4505656]; 137: NM_002621 , "Homo sapiens propeXFfactor 
complement (PFC), mRNA", gi|4505736|ref|NM_002621.1|[4505736]; 138: NM 002630 
Homo sapiens progastricsin (pepsinogen C) (PGC), mRNA" 

20 gi|4505756|ref|NM_002630.1|[4505756]; 139: NM_002644 , "Homo sapiens polymeric 

]^ U ™S^ m ? NA "' S i l 31 377805|refINM_002644.2|[3 1377805]; 140: 

^r,,c,™ S ^ pienS Phosphoinositide-3-kinase, class 2, beta polypeptide (PIK3C2B) " 
mRNA, gi|15451925|ref]NM_002646.2|[15451925]; 141: NM_002788 , "Ffomo sapienT ' 
proteasome (prosome, macropain) subunit, alpha type, 3 (PSM^ " "transcript variant 1 
ESS' t ^W 93 7 l re fl NM -002788.2| [ 23l%937^; WTli^?^^ 1 ^ 
tyrosine phosphatase, non-receptor type 6 (PTPN6),", "transcript variant 1 mRNA" 
? ]34328900 M NM_002831.3|[34328900i; 143: N^_002832 !"™sap^f o ;em tyrosine 
P 5?S552! n ° n " reCept ° r type 7 <W. "transcript variant 1, mRNA", 
gi|18375657|ref]NM_002832.2|[18375657]; 144: NM_002894 , "Homo sapiens retinoblastoma 

30 binding protein 8 (RBBP8), transcript variant 1,", mRNA reunooiastoma 
g|42718012|ref]NM_002894.2|[42718012]; 145: NM_002904 , "Homo sapiens RD RNA 
biMmgprotem(RDBP) , mRNA", gi|20631983|reflNM_002904.4|[2063 1983]; 146: NM 002912 
, Homo sapiens REV3-like, catalytic subunit of DNA polymerase zeta (yeas )" "(REV3U 

« ^ A '^lf v 06 o 4 82MNM_002912.1|[4506482]; 147: NM 002930 , "Home U^£s-lte 

35 wiihout CAAX 2 (RH2), mRNA", gi]4506532|reflNM_002930.1|[4506532]; 148: NM 002938 
Homo sapiens nng finger protein 4 (RNF4), mRNA" 

g|34305289|ref|NM 002938 2|[34305289]; 149: NMJ102965 , "Homo sapiens S100 calcium 

W&JfiSSf? C w algranulmB ) V 100 ^' mRNA "» gi|9845520|ref|NM_002965.2|[9845520]; 
150. NM_002981 , "Homo sapiens chemokine (C-C motif) ligand 1 fCCLH mRNA" 

40 gi|4506832|reflNM_002981.1| [ 4506832]; 151: NM.003002 , ■'Homo sapS s^L 

dehydrogenase complex, subunit D, integral membrane", "protein (SDHD), nuclear gene 

SSFSSE? ?,?° ndnal P™ tein > mRNA "> gi|4506864|reflNM_003002.1|[4506864]; 152: 
NM_003015 , Homo sapiens secreted frizzled-related protein 5 (SFRP5^ mRNA" 

45 S ITJ 3 ^ ^r 003015 -2P400734]; 153: NMJHB021 , "HomoTaplcn^dl glutamine- 
45 rich tetratricopeptide repeat (TPR)-containing,", "alpha (SGTA") mRNA" 8"»™ne 

gi|38788107MNM_003021.3|[38788107]; ?54: NM.003 042 7 "Sapiens solute carrier 
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^L 6 , ( ne " rotransmitt er transporter, GABA),", "member 1 (SLC6A1) mRNA" 

S^ETO 155: NM.003047 . "Homo saS solute carrier 

^InS^S SSSTSS^^SS; 1 "' ;< anti P° rter > Na W«mfloride sensitive) 
<>LC9A1) mRNA , gi|2777763 1 |ref|NM_003047.2 [2777763 1]; 1 56: NM 003055 "Homo 
5 sapiens solute carrier family 18 (vesicular acetylcho Hue), member 3" "fSLClSA^ Una 

family 22 (organic cation transporter), member 4", "(SLC22A4) mRNA" 

10 be* (SNCB), TO gl |64i6453 MP liM_003ofe '2 V^^^SST-ST"- 
sapiens small nuclear ribonucleoprotein polypeptide N (SNRPN tran^rir,'?' •3,^ 1 
inRNA»,gi|29540556MNM 003097J|[295405561 161 NM r n'(S^P«' vman M- .,. 
related receptor, L(Di!r L)A repeaJJ^S S- ^ S ° I, " m " 

15 f^ 8 ", 9347 M N M-003105.3|[18379347]; 162: NMJ03m "H^ipi^ UD P . N . 

15 acteylglucosammepyrophosphorylasel (UAP1), mRNA" 

gi|34147515|reflNM 003115.3|[341475151- 163-'nm 00V1SQ »H ftmn ; ,• , 

bleeding associated factor (left-right determination,", "factor A; transfoLngSorh Sir beta 
25 K£S > Y) ^l"***"' ?i|27436880|reflNM_003240.2 [274368^168:^ O0T2S9 
25 Homo sapiens thimet oligopeptidase 1 (THOP1) mRNA" »-««_w>w, 
gi|34222291|rei1NM_003249.3|[34222291]; 169: NM 003259 , "Homo sapiens intercellular 
adhesion molecule 5, telencephalin (ICAM5), mRNA" intercellular 
gi|12545403|ref|NM 003259.2|[125454031- 170- NM 003279 - ■ ™ * 

u^qui^activating enzyme El (A1S9T and BN75 temperature! Svx^mpEting) 
S5 OO33T T Vanant 1( m ^ NA "' g i l 2351 °337|ref]NM_003334.2|[23510337] P ; 173: 
35 "A mSpn I Homo t sa P 1 . ens ubiquitin-conjugating enzyme E2E 1 (UBC4/5 homolog, yeast)" 

iRSi "HnT Vamnt *' mR ^ A " ' f l 33359692 MNM_003341.3|[33359692]f 174: } ' 
IS^Y? . ' Homo sapiens ur °modulin (uromucoid, Tamm-Horsfall rivconrote,^ Wtmh™ 
mRNA", gi|4507832|refINM 003361.1|[45078321; 175- NM 003364 ^ "Hom^Si^ } ' 
phosphorylase 1 (UPP1), transcript variant 1, mRNA", NM -°° 3364 ' H ° m ° sa P iens ™ d ™ 
to £ |317 f 5 f 6 l ref l N M- 0033 64.2|[31742506]; 176: NM.003374 . "Homo sapiens voltage- 

S O^sT^H^ 1 1 (VDAC1) ' ^^^^^yfAAl^^ 177: 

Mr5? 3 l, ' Homo sapiens vac cima related kinase 1 (VRK1), mRNA" 
fa'c l^f'f NM T 003384 - 1 I[4507902 ]; 178: NM_003418 . Homo^ens zinc finger protein 9 
(a cellular retroviral nucleic acid binding, "protein) (ZNF9} mRNA" 
gi|4827070|ref]NM_003418.1|[4827070]; 179: NM 003458 , "Homo'sapiens bassoon 

NM_003459 , Homo sapiens solute carrier family 30 (zinc transporter), member 3 
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(SLC30A3)/^mRNA ) gi|34222155!reflNM_003459.3|[34222155]; 181: NM 003485 "Homo 
salens G protein-coupled receptor 68 (GPR68) mRNA" - ' ° 

^217828|reflNM_003485.2|[40217828]; 182: NM 003490 , "Homo sapiens synapsin IE 
J^iS^^^"^" 8iU9924104rref]NM 003490.2|[199T4104^ 83 
NM_003492 , "Homo sapiens chromosome X open reading frame 12 fCXorflS tn^A" 
gi|4504738|ref]NM 003492. 1|[45047381: 184" NM 003524 S£ ?v 
(HIST1H2BH), rnRNA", gi|21 166386MNM S^S^llSS. SmT^S^ 

186. NM_00353 1 , "Homo sapiens histone 1, H3c (HIST1H3C) rnRNA" 
gi|21071022MNM_003531.2| [ 21071022]; 187: NM 003549 "Somo sapiens 

m^utmsTZ 3 mRNA "' g i l 1 5208650|reflNM_003549.2|[15208650]; 

188. NM_003554 , "Homo sapiens olfactory receptor, family 1 subfamilv P o 

(OR1E2), mRNA", gi|l 1386152|reflNM_003554.1|[l i5£ 52 ]; 89 Smo6^ ^Lio 
sapiens beaded filament structural protein 2, phakinin (BFSP2) mR^A" ' 
gx|21536442MNM_003571.2|[21536442]; 190: NM 003594 , "Hwno sapiens transcription 
termination factor, RNA polymerase n(TTF2), mRNA" transcription 
gi|40807470|ref]NM_003594.3|[40807470];191:NM 003602 "Homo «Hmi m c u- ^- 

NM 003627 , 'Homo sapiens solute carrier family 43, member 1 fSLC43An i>JA» 
g 1 |42476323|r e f]NM_003627.4|[42476323]; 193: Nm'003632 "Homot^^ctin 

NM 003691 , Homo sapiens senne/mreonineldnase 16 (STK16^ niRNA" 

gi 4505836MNM_003691.1| [ 4505836]; 195: NM 003860 , "Homol^ns barrier to 

Stol^ 196: 
«Ct . , 3 ^ ' H ° m ° Sapiens immedi ate early response 3 (IER3), transcript variant short 

N^ ^^r SCnP anant ^ m ^ A "' g i l 233 97694|ref 1 NM_003915.2 [23397694]; 198^ 
aomam ana, K.CC1 (CHCl)-hke domain (RLD) 1 (HERCl) mRNA" 
&|4557025|refrNM 003922.1|[4557025]; 199: NM_003947 , "Homo sapiens huntingtin- 
associated protein interacting protein (duo) (HAPIP),", mRNA nunungtm 
gi|4504334|refjNM_003947.1|[4504334]; 200: NM_003954 , "komo sapiens mitogen-activated 

^T^^T^^^^^ ^ ^05396^.00^54%^]; 
T;« ft ,rS I ' Homo sa P iens serme/threonine kinase 29 (STK29), mRNA" 

KSP-cadhenn (CDH16), mRNA", gi|16507958|ref]NM_004062.2|[16507958]; 20t7S 004074 
, Homo sapiens cytochrome c oxidase subunit VHI (COX8) mRNA" JNM_UU4074 

g^ 5 ^^ 2 ° 8: ™-°<>4077 , "H^s'apiens citrate synthase 

nXoSSSST 8 l ne encodln 8 mitochondrial protein,", "transcript variant 1 mRNA" 
gj|38327624|re£lNM_004077.2|[38327624]; 209: NM 004078^ "Hom^ sap^enfcts'teine and 
glycme-nch protein 1 (CSRP1), mRNA", gi|4758085FeflNM 004078. 1|^Ss^10. 
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NM_004088 , "Homo sapiens deoxynucleotidyltransferase, terminal (DNTT) mRNA" 

ff^S^i .? A 04088 - 2|[29788761]; 21 1: NM-004^91 . "Homo sap^s^Stanscription 
factor 2 (E2F2), mRNA", gi|34485718|reflNM_004091.2|[34485718]; 212: NM 0041^ 
Homo sapiens eyes absent homolog 4 (Drosophila) (EYA4), transcript variant T " mRNA 
5 f g 6 , 667 248|reff N M_004100.2| [ 26667248]; 213: NM 004106 , "Homo s^ens FVfr^nt of 
IgE, high affinity I, receptor for; gamma", "polypeptide (FCER1G), mRNA" 
g / |4758343MNM_004106.1|[4758343]; 214: NM_004174 , "Homo sapiens' solute carrier 
tamily 9 (sodium/hydrogen exchanger), isoform 3", "(SLC9 A3) mRNA" 
10 ^0 6 f 9 20MNM_004174.1|[6806920]; 215: NM_004176 , "Homo sapiens sterol regulatory 
10 element binding transcription factor 1 (SREBF1) " mRNA 

iSfu 7 !, 94116 ^- 004176 - 2 ^ 22547194 ^ 216:'nM_004178 , "Homo sapiens TAR (HIV) 
RNA binding protein 2 (TARBP2), transcript variant 3,", mRNA ' 

gi|19743837|ref|NM_004178.3|[19743837]; 217: NM 004260 , "Homo sapiens RecO orotem 

like 4 (RECQL4), mRNA", gi|4759029|retlNM_004260.1|[4759029]T218?S 0^67 Zmo 

F^J^l^ 6 CN-acetylglucosamine-6-O) sulfotransferase 2 (CHST2),"7mRNA 

gi|27369496|reflNM_004267.2|[27369496]; 219: NM 004271 , "Homo sapiens lymohocyte 

antigen 86 (LY86), mRNA", gi|4758707!reflNM_004271.1|[4758707] ; 220S 0042^4 

Homo sapiens mitochondrial translation^ release factor 1 (MTRF1), nuclear gene", "encoding 
mitochondrial protein, mRNA", gi|345771191ref]NM_004294.2|[34577119]; 221^^333 

S° sapi ® ns v ~ raf murine sar coma viral oncogene homolog B 1 (BRAF) mRNA" ~ 
gi|33188458|ref]NM_004333.2|[33188458];222fNM 004344 "Horn^aPie^centrin FFW 
Protein, 2 (CETN2), mRNA", glK757901 WNmW 1^7 57^1 22^ ^3 ft 

f!?^ nS nxf divisiOD Cycle 25B ( CDC25 B), transcript variant 1, mRNA", " 
gi| 11641416|reflNM_004358.2|[l 1641416]; 224: NM_004374 , "Homo sapiens cytochrome c ■ 

X nL^J 10 (COX6C) ' mRKA "» g i ll7999531^efINMi04374.2|[l P 7999531];?2T 
NM_004427 , Homo sapiens polyhomeotic-like 2 (Drosophila) (PHC2) transcript variant 0 
mRNA", gi|37595529|ref^M_004427.2| [ 37595529]; 226: NM 004455 \ SSSjET^ 
exostoses (multiple)-hke 1 (EXTL1), mRNA", gi|4758317|ref|NM 004455 l|r47583171 227- 
NM 004470 , "Homo sapiens FK506 binding protein 2, 13kDa ^BP2) icripl ^varianH' 
^ A \^^ 228: NM 00^484 /S^^ET 

glypican 3 (GPC3), mRNA", gi|5360213|reflNM_004484.2|[5360213]; 229: NM 004514 

JmT^^^^,^ UUW bindmg faCtor 1 ^nscxipt variant 1?, mRNA, 

g^|31563337|ref|NM_004514.2|[3 1563337]; 230: NM.004528 , "Homo sapiens microsomal 

^^\^T f&[aSe 3 ( M ? ST3 >' mRNA", gi|22035640|ref]NM_004528.2|[22035640]; 231: 
NM 004550 , "Homo sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 2, 49kDa« 
(NADH-coenzyme Q reductase) (NDUFS2), mRNA" 

gi|34147556|re2NM_004550.3|[34147556]; 232: NM j)04590 , "Homo sapiens chemokine (C-C 

SMS? \!L (CCL16 >> mRNA "' gi|22538800|ref]NM_004590.2|[22538800]; 233? ( 
NM_004604 , Homo sapiens syntaxin 4A (placental) (STX4A), mRNA" 

gi|34147603|reflNM_004604.3|[34147603]; 234: NM_004616 , "Homo sapiens transmembrane 4 

Z er S 4 y 7 m »S ber 3 ( ™ 4S S X mRNA "' ^l 212 65107|reflr^_004616 P 2|[2126 5 T^^ 
NM 004647 , Homo sapiens D4, zinc and double PHD fingers family 1 (DPFD mRNA" 

'S^^^ 1 ' 11 ^^ 236: NM - 004656 *°™ saUScA^clated 
protein-1 (ubiquitin carboxy-terminal hydrolase), "(BAP1) mRNA" 

^9718752|reflNM_004656.2|[19718752]; 237: NM.004672 , "Homo sapiens mitogen- 
activated protein kinase kinase kinase 6 (MAP3K6),", "transcript variant 1, mRNA" 
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^|244975211reflNM_004672.2|[24497521]; 238: NM 004704 , "Homo sapiens RNA U3 small 

239 ^ r 4 r 7 a 53 n ^r in 2 ^T?' mRNA '' ^1543556NfINM WH^SS^; 

o; T V7- -2 1 3 ' H ° mo sapiens deh ydrogenase/reductase (SDR family) member 3 mHRsrT 
^A^gt|34222303|reflNM_0047533|[3^^ 240: NM 004794 ^ ^ S apie£ % 
RAB33A, member RAS oncogene family (RAB33A) mRNA 1 sapiens 
gi|34485717|reflNM 004794.2|[34485717V 241- NM 004798 '«H nmn .« • i- • * 
member 3B ; TO^RNA", ^ 

"Homo sapiens GRB2-related adaptor protein 2 (GRAP2) mRNA" NM_004810 , 

S |19913386MNM_004810.2|[19913386]; 243: NM.004840 , "Homo sapiens Rac/Cdc42 
guanine nucleotide exchange factor (GEF) 6 (ARHGEF6) " mRNA Kac/^dc42 
gi|22027524|reflNM_004840.1|[22027524]; 244: NM 004858 , "Homo sapiens solute carrier 
family 4, sodium bicarbonate cotransporter, member 8" "(SLC4A8) mRNA^ 
^759133MNM _004858.1| [ 47591?3 3 ; 245: NM^Smo^ap^erebroside (3'- 
"^ESSS" 1 ^^y lsul fete'galacto S ylceramide 3'), "sulfolransferase (CST) mRNA" 
gi|4758087|reflNM .004861. 1|[4758087]; 246: NM_004870 , "Homo SpiS^mose-P- 

S C 004Q04 Z ^ On defeCU (MP ; DU1) ' mRNA "' *K759109|ref|NM 0048^^591^]. 247- 
S^0^^ 

gi|13128859MNM_004964.2|[13128859]; 253: NM 0049?7 , "Homo^ins LIM and 
senescent cell antigen-like domains 1 (LIMS1) mRNA" 

£13518025|reflNM 004987.2|[13518025]; 254: NM_o6 4 994 , "Homo sapiens matrix 

SSK ^ = SSSi 4 Ss myosin 

NM 005006, Homo sapiens NADH dehydrogenase (ubiquinone) Fe-S protein ! 75kDa" 

geranylgeranyltransferase type I, beta subunh (T^GTHS) "^mRNA ' ^ ^ 

£* 9 ™ 258: NM.0M027 , "Homo sapiens 

pnosphomositide-3-kmase, regulatory subunit, polypeptide 2 (p85" "beta) rPntlim mP*rA« 
gi|4826907 reflNM 005027. 1|[48269071: 259- NM 005055 (PK3R ? ) » > 

protein of the synapse, 43kD |UsN)A "Sn^i S'l mR^" P reCe P tOT — ^ 

mZL^^ 6115 C ° Pper cha P erone ^ superoxide dismutase (CCS) mRNA" ' 

gi|4826664ref^M_005125.1|[48266641; 263- NM 005154 "Rn^^ill k- 

nrotea<!P R m<3Psn Tv,oxt a .i -m ttwT^Tr', fL iMvi_uuoiD4 , Homo sapiens ubiquitin specific 

protease 8 (USPS), mRNA", gi|41281375|ref|NM_005154.2|[41281375]; 264: NM_005161 
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^tf^f" anglotensm n receptor-like 1 (AGTRL1) mRNA" 
gi|34577064 reflNM_005161.2|[345770641- 265 NM OO^^ 

thymoma viral oncogene homo loe 1 fAKTn f mivAn -fi 6 l\*? mo sa P iens v-akt murine 
266: NM 005165 , ' ? 48 f ^MNM^OS 163.1 [4885060]; 

gi|4885062|reW_005165 lT« 

VH (CA7) mRNA", gi|4885100|ref1NM 'o0518™j$ ^ 00]- 2^NM 

sapiens calpain 1, (mu/1) large subunit (CAPN1), tnRNA" NM-005186 , 'Homo 

CCAA?/t 5 ? e ^° 5186 - 2,[12408 ^ 2 ^W^5194 , "Homo sapiens 
CCAAT/enhancer binding protein (C/EBP) betafCEBPFn tt,rma» P 

gi|28872795|reflNM_005194.2|[28872795] -270 "nM 00521^^' 

Homo sapiens deoxynbonuclease I (DNASE1) mRNA" NM_005223 , 

^.wwasa sss?- .. H r ' 

coupled receptor 12 (GPR12^ mRNA" 11 t^oJr~^ ? ™' H ° m ° sa P lens G protein- 
NM 005^01 »w« V mKNA » gi|4885294re^NM_005288.1|[4885294V 276- 

' Homo sa P ien s G protein-coupled recentor 35 roPfc^ ™£xta 
gx|33695096|reflNMJ)05301.2|[33695096^ . 
receptor 37 (endothelin receptor type B-like), "(GPRi7) SSia" ^ ° pr ° tem - cou P led 
gi|31377788|refINM 005302.2|r3 13777881- 27R MM nnS? ..^ 

(PLXNB3), ntfNA", gqiOSeWA^^lS^^^ft^^ 

SP12646U M NM_005418.2|[212~S 6 ^^453 ' HoZ' ' mRNA "« 

*I~MNM OoLIS^^^^ mRNA, 

protein (LNK), mRNA", gi|488S454lreflNM on^ifr^i.S ^, Sapl ° ns 'ynphocyte adaptor 
sapiens ADP^osyln^feSr^Sfn^^^ (A^P M * ^-°° 5485 ■ HorncT 
mRNA", mU496992\ r ^^ 5 .i^J^: 3 - "(ADPRTL3), 

sapiens laminin, alpha 5 (LAMA5) mRNA" mi9i1il<ni i ^7 ^'J: M_005560 , "Homo 
NM 005563 , "Horno sapiens ^^on^^S^f 
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gi|13518023|ref]NM 005563.2|[135180231-294-NlU nn^QT »w 

5 (MYF5), n^r^l9U^m^^S^^ ^SK^ *** 
sapiens nescient helix loop helix 1 (NHLHn mRNA" NM_005598 , Homo 

gi|19923328|ref|NM 005598.2|[19923328V 296- NM nn^ms »ti 
5 (LGMN), mRNA", 512^48^^2^^^: 29r N ^ aP oS26 g T in 
sapiens splicing factor, arginine/serine-rich 4 (SFRS4) mKNA" NM - 005626 ■ " H °™> 
gi|34147660|ref]NM 005626.3|[34147660V 298 SflSi U 

gi|16445418 refpSfM 005698.2|[164454181- 302- >JM nnSi a u 

15 protein signalling Umteracting TproTein 1 Ug£1 ' ° m ° SapienS regulator of G " 
gi|42544147|reflNM OOStS^^^-^^&^S^^ J'"***" 
elongation factor, m rtochondria (TSFM) Ts 
304: NM_005727 , "Homo sapienll^pan^TSPAN if S*?™- 005 ™^ 1361279]; 
gi|2126H577|refl^_005727.2|[21264577 K>05 ^^N^oS^M ' 

20 pancreatic (protease E) (ELA3A1 m RNA ' «^ioi £$d£ £L' Hom ° Sapiens elastase 3A > 

(FMNL1), mRNA"7gi|33356 47NflNM 0058^Tm,«,^ IT 6 * 5 fon » ta - 1 to 1 
sapiens calicin (CON) mRNA'' TOlii, ,f ^35 ™ 147]; 3 1 1: NM-005893 , "Homo 
30 "tfomo -Pi JmSom^^S«f|f^ 17 ?f 1^ 312: NM 005909 , 

!Pl'4165457MNMJ)05909.2|[1416545^ 

WM_005984 , Homo sapiens solute carrier family 25 fmitnH^r^oi „ • ,L ™7? W4J ' 316 - 
» ~ < SlC23A1 >. ^ ^W55 r S.;p893 1 41- 3,7- 

40 regulator l.ATPase.H+transportim, lvsosrm,^ vn" » . '• ° ° sapiens T-cell, immune 

variant ,, mRNA'', ^S^^Z^^^^OIX transcript 
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' , (TOMM40) Jm RNA^gi|5174722|reflNM_006114J|[5174722];323:^^ 006120 "Homo 
sapiens major histocompatibility complex, class II, DM alpha (HLA-DMA) " mRNA 

fL 18 ^ 7 ^^- 006120 ' 2 ^ 18765714 ^ 324: NM.006157 , "HomoTpks^L-iike 1 
(chicken) (NELL1), mRNA", gi|5453763|reflNM_006157.1|[5453763]; 325: NM 006163 
Homo sapiens nuclear factor (erythroid-derived 2), 45kDa mFE2) mRNA" ~ ' 
gi|5453773|refINM_006163.1|[5453773]; 326: NM 006170 , "Homo sapiens nucleolar protein 1 
120kDa (NOLI), mRNA", «i|5453791|mfINM_006i70.1|[5453791]; 3^TSSn t £Zo 
sapiens natriuretic peptide precursor A (NPP A) mRNA 1 ' " 

S 1 °^ 8 !^^ >06 il 2 l 1 P 3 ? 10318]; 328: NM -°06174 , "Homo sapiens neuropeptide Y 
receptor Y5 (NPY5R) mRNA", gi|31377784|reflNMJ)06174.2|[31377784|; 329: NM 006196 
Homo sapiens poly(rC) binding protein 1 (PCBP1), mRNA" 

gi|14141 164|reflNM_006196.2|[14141 164]; 330: NM 006198 , "Homo sapiens Purkime cell 
protein 4 (PCP4), mRNA", gi|5453857|ref|NM_006198.1|[5453857]; 331: NwT 0^06205 , "Homo 
sapiens phosphodiesterase 6H, cGMP-specific, cone, gamma (PDE6H), mRNA' 
gi|5453867MNM_006205.1|[5453867]; 332: NM.006215 , "Homo sapiens serine (or cysteine) 
Pr ?™ Se lnhlbltor > clade A (alpha-1", "antiproteinase, antitrypsin), member 4 (SERPINA4> 
mRNA", gi|21361301|ref]NM_006215.2|[21361301]; 333: NM.006228 , 'Vomo sapfens ^ 
prepronociceptin (PNOC), mRNA", gi|11079650|reflNM_006228.2|[l 10796501- 334- 
52?^ * ~ 2 ' " H ° m ° Sapiens protein khiase » AMP-activated, alpha 2 catalytic subunit 
(PRKAA2),^mRNA, gi|5453965MNM_006252.1|[5453965]; 335: NM_006261 ^Homo 
^KSl 0 f Pltl * P aired " like homeodomain transcription factor", "(PROP1), mRNA" 
S' t^r 838 j r ^ 0 06261.2)[40254838]; 336: NM.006274 , "Homo sapiens cheSoWe (C-C 
motif) hgand 19 (CCL19), mRNA", gi|22165424|ref]NM 006274.2|[22165424V 337- 
NM_006289 , "Homo sapiens talin 1 (TLN1), mRNA" ~ ' H -^ ZZi0 ^i> ^ 7 - 

gi| ^ 67 t 5323 ^ eflN ? 1 - 006289 - 2i[16753232]; 338: NM_006365 , "Homo sapiens transcriptional 
Sq V ^°^L C ; f0 « P romoter (CROC4), mRNA", gi|5453624|reflNM_006365.1|[5453624]; 

oxtT- S ™; I !° m ° sapiens cAMP res Ponsive element binding protein 3 (CREB3) 
mRNA", gi|38327637|ref]NM_006368.4|[38327637]; 340: NM 006399 , "Homo sapTensbasic 
leucine zipper transcription factor, ATF-like (BATF) mRNA" ~ 

Sot!- 7 1 6 f 0 &fM-<*> 6399 2|[183 75640]; 341: NM 006442*. "Homo sapiens DR1 -associated 
protein 1 (negative cofactor 2 alpha) (DRAP1), mRNA" 

M_006442.2| [ 18426972]; 342: NM.006466 , "Homo sapiens polymerase 
(RNA) III (DNA directed) polypeptide F, 39 kDa (POLR3F) " mRNA 

gi|33598951|re^ 006466.2|[33598951]; 343: NM_006477 , "Homo' sapiens RAS-related on 
S?55!£ 22(RRP22 >> mRNA "> gi!42476128|reflNM_006477.2|[42476128]; 344: 1 

Wfo^ 'x,x5 0m0 Sapiens CCCTC - b inding factor (zinc finger protein) (CTCF), mRNA" 
gi|5729789|ref]NM_006565.1|[5729789]; 345: NM_006614 , Homo sapiens cell adnSon ' 
molecule with homology to LI CAM (close homolog of LI), "(CHLB mRNA" 
40 £' 2? f 43 7 5 l r ^-^H.2|[27894375]; 346: NM 006637 , "Homo^pYets olfactory 
40 receptor, family 5, subfamily I, member 1 (OR5I1), mRNA" 

r™ vT I ^-°.m Si 1 JS 72 ?J? 1; 34?: NM- 006650 "Homo sapiens complexin 2 
(CPLX2) mRNA", gi!l7738306|refjNM_006650.2|[17738306]; 348: NM 006698 , "Homo 
sapiens bladder cancer associated protein (BLCAP) mRNA" ~~ 

45 ^^^-^^i 1572973711 349: ^-006703 , Homo sapiens nudix (nucleoside 
45 diphosphate linked moiety X)-type motif 3, "(NUDT3) mRNA" 

gi|37622350|reflNM_006703.2|[37622350]; 350: NM_006747 , "Homo sapiens signal-induced 
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IST^ <.NM-00 681 3, 

20 sr jests' n 1 (cart1) - mENA • ^» 5s,^r 

(OTK1AX ^^126OT|^l^Sl% 5?M?oSJSf*iS 1 ' 1A 
sapiens putative tamor suppressor 101F6(101F6) mRKA" NM_007022 , Homo 

gi|31541779|ref|NM 007022.3|[31S417791- 365- NM nmr»! »u . 

25 guanine nucleotide exchange fector n (CGEF2) mRNA" ' ° °AMP-regulated 
gi|5901913|reiINM 007023.1|[59019131- 366- NM ftmriui «a ■ , . 

gi|24307934|reflNM 007149. 1|[243079341- 370- NTvr'nn7i so «xj 

(Ra.GDS/AF-6) domain famil/l ffSSffivSiS? "v2«t 5"SSS?" aSS ° < *" i0n 
g.|25777678^eflNM_007182.4|[25777678] ; 371: NM 007m /'Hom^ens CHK2 
checkpoint homolog (S. pombe) (CHEK2), transcript variant 1 » mWJA 

35 gi|22209010|ref|r^_007194.2|[222090l4372 NMM7M8 • 

membrene protein 4, 24kDa (P V 4 ), J^S^,',^ Sap,CTS "^'^ 

gt|34452733reflNM 007238.3|[344527331- 373- NM 007077 ^Sr ■ 

Mdecrin) (CmormRNA", ^llSSS? t i .SS^STSSS" ° 

cleaving enzvme 2 fRArp^ ti ■ ! • W M_U12105 , Homo sapiens beta-site APP- 
a e enzyme z («ACJi2j, transcript variant a, mRNA" 

45 gi|210403S8|ref|NM 012105.3|[210403581- 378- W (Wino «u 

open reading frame ~ H C^l -SSkSilSlKoS"'' 
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(FBXW2) ^ A , 

2 (FBX02), mRNA", gi|15812197|ref& m 2 ^2, [158m^i^n^,^^ 
sapiens putative tumor suppressor ffUS2rmRNA« illoi io^oi ^i?^- 012191 » Homo 
5 382: NM_012193 , "Homo sapiens ffizz^d^^ ' ? l S 12379 ' r f f l NM -012191.1j[6912379]; 
gi|22547160^flNM_01219S?25^ (FZD4 >' mR * fA *" 

transcription factor IIIC, polypeptide 4 90kDa fG^ri " Ipma^ 0 general 
8i|6912399|re£lNM_012204.1|[6912399]; 384 ^12225 . 
protein 2 (MinD homolog, E coM flWRP^ ™pxr* » ■T^J? T Sapiens nucleotide binding 
10 385: NM 012236 , "HomWe^Smb ' ^l 691 f 3 9|ref]NM_012225.1|[6912539]; 

TO-gi|691264 1M ^:^ (SCMH1), 
voltage-gated channel, subfamily H feag-related i * T, A B^'^ omo sapiens Potassium 
gi|6912445MNM_012285J|[69124451- 3^7^ o^n' If 101 ^ 4 > ***A", 
determinant of recA protein homoWmousJ)' SSn? ml^I 

dublet) (PRND), mRNA", ^35267^" 0^ ^352671° 2 

20 sssas^^ 

protein 281 (ZNF281) mRNA" ril^WMu wK ' H ° m ° Sapiens zinc fin S e r 

25 "Ess??" ^^ifSSSSESgb 0 ^* 125 ^ 3s * , 

25 gi|21359821MNM_013235.2|[213598211- 394- NM0n?4S 

Homo sapiens B-cell linker (BLNK) mRNA" riUuvw™ « J ,'? NM_013314 , 

NM_013333 , "Homo sapiens epsin 1 (EWn ^?f 774 ' ref l NM -- 013 314.2|[40353774]; 396: 

g 1 Kl350200!refINM_013333.2|[41350200r39™NM 0133^ "" 
30 pyrophosphorylase A (GMPPA) mRNA" Jftl rr i ^7*1 1^ ?° m ° Sapiens GD P-mannose 

NM 013343 /'Homo sa P ien.1o« ^^^^^"T^^ 1 ^ 3 * 

(LOH3CR2A),", mRNA, gi|7106370|ref^T3 3 43 li™SS?S??5S n'S A 

sapiens ubiquinol-cytochrome c reductase » orari^ 9 vn^SS^^- 013387 ' " Homo 

35 calmodulin binding protein 4 (STRN4) mRNA" Jm^of vJ^T™v PienS Stmtln ' 

NM 013441 , "Homo sapiens Do™ svn^t^ 401: 
n*NA«, *|38455419|reW_0^ 

bromodomain adjacent to zinc finger domain 2Bmj^Z^lf ' Homosapiens 
?|7304922|ref|r^^ - „ 

40 mduced transcript (DEXI) mRNA" ^\i^omon\ ~^s n,'.?° m ° sapiens de *aniethasone- 

•ffi'^st ^ p 407 nm m4,r r Sor p< ^'j: removedby " feefSK ' s;afff - 
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sapiens NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 8, 19kDa", "(NDUFA8") 
nuclear gene encoding mitochondrial protein mRNA" V™vva&), 
g|335l9464|ref^M 014222.2|[33519464]; 4*09: NMJ)14236 , "Homo sapiens 
glyceronephosphate O-acyltransferase (GNPAT) mRNA" 

5 

Homo sapiens small muscle protein, X-linked (SMPX), mRNA" MM_014332 , 

gi|10047089|ref]NM_014332.1|[10047089]; 412: NM 014342 "Homo *mi m « ™> i. 4 • i 

POM121 membrane glycoprotein-likel (rat) (POM121L1) mRNA" 
? |7657468|ref|NM_014348.1| [ 7657468]^14;NM 014393 ^mo' sapiens staufen RNA 
binding protein, homolog 2 (Drosophila) (STAU2)~mRNA" ' 
gi|7657624|re£lNM 014393. 1|[76576241: 415- Nm' 014431 ' »H ftmn i, ^ 

Zjr ' H ° m ,° Sapi6nS PUtative breast adenocarcinoma marker (32kD) (BC-2) 

. Va " ant J » m ?N A " S gi|38372936|reflNM_014453.2|[38372936^417-NM 014548 
Homo sapiens tropomodulin 2 (neuronal) (TMOD2), mRNA" iNM_ui4548 , 

gi 40789262|ref]NM 014548.2|[40789262V 418- NM 014^ ' »u 
20 comp^ Homo sapiens apobec-1 

H20357571|reflNM_014576.2|[20357571]; 419: NM 014606 , , ref]NM 014606 11176571511 
This record was temporarily removed by RefSeq staff for additional review , 420 NM ^14617 
, Homo sapiens crystallin, gamma A (CRYGA) mRNA" ' ^M- 01461 " 

gi|13376998|reflNM_014617.2|[13376998]; 421:'nM 014662 , , refiNM 014662 l|r76622211 
25 This record was temporarily removed bvRef^pn etaffV™. «aam ' .- °° .ill/oo^lj, 
, , refiNM 014674 1 in^nm n^L- Y T q staff for additional review., , 422: NM 014674 
, , rci|iMvi_ui4(j/4.l|L7662001], This record was temporarily removed hv Ref5™ otofp^ 
additional review 423- NM m a.*.** "tr • , y rcraovea °y KeKseq staff for 

reticulum strlsSnd^ 

gx|7661869|reflNM_014685.1|[7661869];424:N]V; [ ^^70^^20951 Thi, 

30 record was temporarily removed by RefSeq staff for additional review" 42 ^H' ^ 
"Homo sapiens PfoSAPiPl protein (ProSAPiPl) mRNA" ' WM - 01473 1 > 

gi|35493938|reflNM_014731.2|[35493938]; 426:NM 014745 "Homo saoiens KTA Arm* 
p^duct (KIAA0233), mRNA", gi|7662013|reflNM 01474^^^ 

35 S^S^S^S^ 17 (SNX1?) ' mRNA, ^|23238249 M NM OwTw^LoV 
33 428. NM_014766 , "Homo sapiens secernin 1 (SCRN1), mRNA" ~ 

gi 28461 170|re£lNM 014766.2|r28461 1701- 429- NM mahz<- »v 

nocleotideexchangelac.o r (GEF) lyfiSS' Homo saptens Rho gnanine 
^21361457|reflNM_014786.2|[21361457];430:NM 014813 ,, refiNM 014813 llr76623191 
Tim record was temporarily removed by RefSeq staff for additto J'review « i ^ 0148 14 

15 ^Slftom^ 

NM_014912 , Homo sapiens cytoplasmic polyadenylation element binding protein 3 (CPEB3), 
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mRNA'', gi|41281549|refINM„014912.2|[41281549]; 436: NM.014926 , "Homo sapiens slit and 

\nv/f ni/too tiTT^ i 9 19|ref[NM^014926.2|[4021V8 191 , 437: 

tTc; .? . 7 9 omo sa P iens bromo adjacent homology domain containine 1 CBAHn i ^ 
5 f l 4 ? 2 ! 1572 '^ NK-0149S2J|[4128157q; NM_015oS "H^otSns 

5 mitochondrial nbosomal protein S27 (MRPS27), nuclear gene encoding", "mitochondrial 

protein, mRNA", gi|16950608|reflNM_015084.1|[16950608]; 439: NM 015089 'Somo sapiens 
P 53-associated parkin-like cytoplasmic protein (PARC), mRNA" ' P 

gi|24307990|re^M_015089.1|[24307990]; 440: NM 015163 , "komo sapiens tripartite motif- 

MiA^l^VPo, Homo sapiens KIAA0664 protein CKIAA0664), ttiRNA" 

g40254858|reflNM 015229.2|[40254858]; 442: NM 015343 , "Homo sapiens dullard homolog 

is sti^rr ^ sn44a4a * ™ ^™ ™ ferarsr 1 

15 NM_015480 , "Homo sapiens poliovirus receptor-related 3 (PVRL3) mRNA" 

^ 1386198|reflNM_015480.1|[11386198]; 446: NMJH5623 , , ref^l5623.2|[32306520] 

deSl *448 SI . S71 n »3' ^ reCOTd v 38 repIaC6d ° r remOVed - See revision his W for 
90 ?^7t5^ m ° ' H ° m ° SapienS glioma suppressor candidate region gene 2 

20 (GLTSCR2) mRNA", gi|21359905|refINM_015710.2|[21359905]; 449: NM 015926 "Homo 

sapiens putative secreted protein ZSIG1 1 (ZSIG1 1) mRNA" ™w._uid»«> , Homo 

gi|34147580|ref]NM_015926.3|[34147580]; 450: NM 015957 , "Homo sapiens likely ortholoe of 

"sT^m^"^ 86 19 mRN ^' ^705723|reflNM P 015^|$^? 

451. NM_015964 , "Homo sapiens brain specific protein (CGI^ mRNA" 

25 gi|7706275|reJNM_015964.1| [ 7706275]; 452: NM 016004 TSc^^is chromosome 20 

nETJESS 9 (C20orf9 \ mRNA "» gi|7705768NfP^_016004.lV705^453 
NM 016067 Homo sapiens mitochondrial ribosomal protein S18C (MRPS18Q nuclear 

^ n S«f !S mitOCh0ndrial Pr ° tein ' mRNA "' gi|7705629MNM 01^.1^?^. 454- 
30 ^ ' ^ Sapi6nS CDK5 regUlator y subunit asso ^d protein 1 

30 tanscnpt", "variant 2, mRNA", gi|28872783|ref]NM 016082.3|[288727831; 455- NM 016090 

"Homo sapiens RNA binding motif protein 7 (RBM7) mRNA" JNM_O16090 , 

^l 315 ? 54 ^^- 016090 - 2 ^ 31543547 ^ 456: NM016187 /"Homo sapiens bridging 
integrator 2 (BIN2), mRNA", gi|7705295|ref]NM_016187.1|[7705295]; 457: NM 01^210 

35 45^^ 

» 438. NM_01 6231 , Homo sapiens nemo like kinase (NLK), mRNA" 

^n^'^^'-f 3L2|C42734431 ^ 459: NM.016239 , "Homo sapiens myosin XVA 
(MY015A) mRNA", gi 22547228|reflNM_016239.2|[22547228]; 460: NM 016292 '4mo 

NM 016298, Homo sapiens muscle disease-related protein aOC51725 , > mRNA" 

274 (ZNF274), transcript variant ZNF274b, mRNA" F 
gi|19743797|reflNM 016324.2|[197437971- 463- NM 016^1 i-ti nmnta • • ~ 

JNM_016352 , Homo sapiens carboxypeptidase A4 fCPA4") mRNA" 
45 ^10047105|reflNM 016352.1IC10047T0?]; 465:^^68 Xmo sapiens myo-inositol 1 
phosphate synthase Al (ISYNA1), mRNA", gi|2 1 90253 6|reflNM_0 163 68 3 jpi 9^253^ 466: 
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NM_016388 , "Homo sapiens T-cell receptor interacting molecule (TRIM) mKNA" 
gi|7706744|ref]NM_016388.1|[7706744]; 467: NM_016649 , "Homo sapiens chromosome 20 
open reading frame 6 (C20orf6), mRNA", gi|22507381|reflNM_016649.3|[225073811- 468- 
NM_017409 , "Homo sapiens homeo box C10 (HOXC10), mRNA" 

g*4497^^^ 469: NM.017410 , "Homo sapiens homeo box C13 

(HOXC13), mRNA", gi|24497535|refINM_017410.2|[24497535]; 470: NM017418 , "Homo 
sapiens deleted in esophageal cancer 1 (DEC1), mRNA" 

gij8393249|reflNM_017418.1|[8393249]; 471: NM 017509 , "Homo sapiens kallikrein 15 
(KLK15), transcript variant 4, mRNA", gi|20302142|ref]NM_017509.2|[20302142]; 472: 
NM_0 17528 , "Homo sapiens Williams Beuren syndrome chromosome region 22 fWBSCR2:r» 
mRNA", gi|23199994|reflNM_017528.2|[23 199994]; 473: NM_017534 , 'Somo salens myosm 
heavy polypepnde 2, skeletal muscle, adult (MYH2), mRNA" 

gi|42476189|reflNM_017534.2|[42476189]; 474: NM_017582 , "Homo sapiens ubiquitin- 
conjugating enzyme E2Q (putative) (UBE2Q), mRNA", 

gi|38045949|refINM_017582.5|[38045949]; 475: NM_017704 , "Homo sapiens fetal globin- 
inducmg factor (FGIF), mRNA", gil41350197[reflNM_017704.2|[41350197]; 476: NM 017705 
Homo sapiens membrane progestin receptor gamma (MPRG), mRNA" 

gi|31377751|ref]NM_017705.2|[31377751]; 477: NM_017738 , "Homo sapiens chromosome 9 
open reading frame 39 (C9orf39), mRNA", gil8923250|reflNM_017738.1|[8923250]; 478- 
NM 017740 , "Homo sapiens zinc finger, DHHC domain containing 7 (ZDHHC7) mRNA" 
^8923254|reflNM_017740.1|[8923254]; 479: NM_017745 , "Homo sapiens BCL6 co-repre'ssor 
(BCOR), transcnpt variant 1, mRNA", gi|21071036|ref]NM_017745.4|[21071036]; 480: 
NM_0 17746 , "Homo sapiens testis expressed gene 10 (TEX10) mRNA" 
gi|8923268|ref|NMJ)17746.1|[8923268]; 481: NM_017786 , "Homo sapiens hypothetical 
protein FLJ20366 (FIJ20366), mRNA", gi|8923340|refjNM_017786.1|[8923340]- 482- 
NM_017793 , "Homo sapiens RNase P protein subunit p25 (Rpp25), mRNA" 
gi|8923354|reflNM_017793.1|[8923354]; 483: NM_017806 , "Homo sapiens hypothetical 
protein FLJ20406 (FLJ20406), mRNA", gi|8923377|reflNM_017806.1|[8923377]; 484: 
NM_017815 , "Homo sapiens chromosome 14 open reading frame 94 (C14orf94)' mRNA" 
gi|8923395|reflNM_017815.1|[8923395]; 485: NM_017847 , "Homo sapiens chromosome 1 
open reading frame 27 (Clorf27), mRNA", gi|20127566|ref|NM_017847.2|[20127566]- 486- 
NM_017865 , "Homo sapiens hypothetical protein FLJ2053 1 (FLJ2053 1) mRNA" 
gi|21361765|ref]NM_017865.2|[21361765]; 487: NM_017893 , "Homo sapiens sema domain 
immunoglobulin domain (Ig), transmembrane domain (TM)", "and short cytoplasmic domain 
(semaphorin) 4G (SEMA4G), mRNA", gi|28872813|ref)NM_017893.2)[28872813]; 488: ' 
NM_017901 , "Homo sapiens two pore segment channel 1 (TPCN1) mRNA" 
gi|29725621|reflNM_017901.3|[29725621]; 489: NM_017915 , "Homo sapiens hypothetical 
protein FLJ20641 (FLJ20641), mRNA", gi|8923595|reflNM_017915.1|[8923595]; 490: 
NM_017941 , "Homo sapiens lung cancer-related protein 8 (HLC-8) mRNA" 
gi|34222156|ref)NM_017941.3|[342221S6]; 491: NM_017961 , , reflNM_017961.3|[31982883] 
This record was temporarily removed by RefSeq staff for additional review., , 492: NM 017991 
, "Homo sapiens hypothetical protein FLJ10081 (FLJ10081), mRNA" 

gi|21361733|reflNM_017991.3|[21361733]; 493: NM_018005 , , ref]NM_018005.1|[8922245] 
This record was replaced or removed. See revision history for details., , 494: NM 018019 
"Homo sapiens mediator subunit 25 (MED25), mRNA" ~ ' 

gi|22907057|reflNM_018019.2|[22907057]; 495: NM_018026 , "Homo sapiens phosphofurin 
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^t^Tm^^^" 1 ' PACS1 ?; mRNA " *PW89915MNMJH8026.2|[300899151; 

5 NM 018157, Homo sapiens brain synembryn (hSyn), mRNA" 

gi|8922554|reflNM 018157.1|[8922554V 499-NM "Wr»™ * • u u ■ 

MM 018176 , "Homo sapiens leucine-rich repeat LGI familv memher ? /t nn\ t>xta » 

10 ffi^W-OWlTMPUlMTIi 5 P 01: mSK-SSI- 
10 Glu-Ala-His) box polypeptide 32 (DHX32), mRNA" ^iiA«CAsp- 

g20336299|reflNM_018180.2|[20336299]; 502: NM018192 , "Homo sapiens myxoid 
hposarcoma associated protein 4 (MLAT4) mRNA" *>*piens myxoid 

gi|27764881|reflNM 018192.2|[277648811- 503- NM 0181 »W™™ * • u . , 

^S? 1 'JS 0m0 Saplens 'W*'**! protein FLJ10851 (FIJ1085n mRNA" 

20 E? 5 ' 11 -'? 227151 ;^ NM - 0182S1 • *-sSLi , (S . 

Sm oS S ^ V T£ mRNA " f PM10719MNM 018261 J|[304107i?]. 

mRNA", gi 8923845 refjNM 018430.1|[89238451- 514- NM Ol£m »w ^ A ? NA ^ IP 1 1 )' 
30 protein 5 (DOK5), transcri P fvariant 1, LS^^^T^ £ 2 S^ 

515: NM 018459,,reflNM 018459 llr892?inri l ^f^' z °5 er l JNM - ( ; i84 f 1 - 2 l[ 2 9544725]; 

revision history fo deJE? 516 NM l^Ses^nT' Wa f replaced Removed. See 

^ « (C^46), mRNA", g« re^M SSSSJK^^^ 
u S°^f flf S S ° lute carrierf ^y 22 (organic anion/catior tran^rter) menm^ "H ' 
J5 (SLC22A11), mRNA", gi|24497483|ref]NM 018484.2|[244974831 sY^NM FSZn* If 

sapiens MCM10 minichromosome maintenance deficit W^^^BA 

^™Vf l!mt 2 ' mRNA " ' ?I 333 83234MNM_018518.3| 33383234 J? S«S ^018558 

if amma - anun obutyric acid (GABA) receptor, theta (GABRO) mRNA" ' 
gi|8924257|ref 1 NM_018558.1|[8924257]; 520: NM 018562 , ^ 018562^39711 Thi, 
» record was temporarily removed by RefSeq staff for additional review "521 SmSJ 
"Homo sapiens calcium/calmodulin-dependent protein kinase n JS&IWawSf miSf » ' 
^31324542|re^_018584.4| [ 313245 P 42];522:NM^ 

This record was temporarily removed by RefSeq staff for additional review 523- NMOlMti 
, Homo sapiens carbohydrate (chondroitin 4) sulfotransferase lTSSSrm ™pwa^- 
G gi|20070291|reflNM 018641.2 [20070291]- 524 NM 018947 wSI ^ ^? I' 

somatic <TYr<?\ ™,7i~>,. "'y^ij, XNm_uiuy47 , Homo sapiens cytochrome c, 

somatic (CYCb), nuclear gene encodmg mitochondrial", "protein, mRNA", 
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gi|34328939|ref|NM _018947.4|[34328939]; 525: NM 018957 . "Homo sapiens SH3-domain 

NM_018959 , "Homo sapiens DAZ associated protein 1 (DAZAPn transcrmt vint i 
5 S^"' ^l 2 ^ 70885 l^-018959.2| [ 25470 P 885]; S^^i^S^S^ G 

CSSS^?"^ 85 (C ? R85) i ™ RNA " ^»777«WNM 01897a^313 P 77^0l; 528- 
NM_018993 , "Homo sapiens Ras and Rab interactor 2 (RIND mRNA" V 

gi|35493905|reflNM 018993.2|[354939051- 529- NM 019028 ^W,nc' • ™\„ , 
protein CHP14L), mRNA", gi|9506622|re^^28^ SSEFSL 
sapiens hypothetical protein FU10996 (FLJ10996) mRNA" MMJH9044 , Homo 

10 So 13 . 6 ! 6 ? 2 MNM_019044.2|[21361622]; 531: NM_019063 , "Homo sapiens echinodenn 
microtubule associated protein like 4 (EML4) mRNA' ecmnoaerm 

gi|19923496|reflNM 019063.2|[19923496V 532- NM 019099 "H nmn o • i. «. ■ , 
protein LOrW?* rr nr«Q^ Z "{' ™ , Homo sapiens hypothetical 

P.™™ ^^55924 (LOC55924), transcnpt variant 1,", mRNA, 

gi|39545578 ref]NM 019099.3|[39545578V 533- NM 019617 ••u nmnM i , , 

sapiens interleukinl family, member 9 0L1F9) mRNA o-* 4 - 1NM_019618 , Homo 

gi21396497|retlNM 021018.2|[213964971-548-NM 07in9s ' • ^ „, 

Jomeobox3 CrWrnRNA-ZUo^S 
40 "Homo sapiens histone 1, H2bb (HIST1H2BB) mRNA" A|L1WW:)W J' 549 - NM_021062 , 

gi|19924303|reilNM_021062.2|[19924303]; 550: NM_021067 , , ref]NM 021067 l|ri08001471 

™£Z7 d ^ te 7 t ° rari1 ^ Te r Ved by Re£Se( * Staff fOT ad « review! 551 021082 
, Homo sapiens solute earner family 15 (H+/peptide transporter} member 2" »fi T rii at? 
mRNA' jg i|31543623|ref]NM 02 1082.2|[31 5436231 • 552 NM «w (SLC15A2), 
45 potassium channel, subfamily K, member 10 1 (KCNK1 ^) Wrint" "variSn ° SS5 

gi|20143942,ret^_021 161.3, [ 20143942 ] ; 553: ^fSZ&J^$^^ 
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Kon^^^ 1 '. 1 ^ RNA,l ^K0548406|reflNM 021174.4] [40548406]- 554- 

sapiens hypothetical protein SP192(SP192) mRNA" NMJ)21639 , 'Homo 

0KO255O32|reflNM_O21639.3|[4O255O32]; 560: NM 021812 , "Homo sapiens 
blqpharophimosis, epicanthus inversus and ptosis, candidate 1" "mPF^rn^pXTAM 
gi|11141882|ref|NM 021812.1|[111418821- 561 1XM 02?*Vs '-w ty™* 1 ** ' 
family 5 (choline transporter), LJS^^y'S ' ^ S ° lute Cairier 

p|21361898|reflNM_021815.2|[213618981;562-NM , 02mt fcn, ■ , + - 

protein 1 (mitochondrial, proton carrier! ml » wf ' Homo * a P Ie ^ ™conpbng 
protein, mRNA", m^UsZ^^^iZtXs^Z^f^ ■ 

JNM_U21934 , Homo sapiens hypothetical protein FTJ1 1 771 htt nin« litr 7 „ J ' 
gi|34222337|reflNM 021934.3|$422233^- 5tf ^ ' 

Reffieo aWf for admtionel^e^ 569 rt£ ^ 02S ^ temporarily removed by 

malformation (eetrodactyly) typej (S^lS ' H ° m ° 

Homo sapiens chromosome 20 open reading frame 59 CC20orf59i m S NM-022082 , 
gx 31542262|refiNM 022082.2|[3 15422621- 571- nm mo\Ya .5' 5 
containing 16 (PRDM16), transcript 2 S' 4 ' ^ 
gi|41349469Ire£|NM 0221 14.2|[41 3494691- 574- NM 0221 on »w • 
transferase? (OXCK), mRNA , g i|n54sio£K 

differentiation associated protein-5 ^A5) mRNA" ' melan0 ™ 

gi|27886567|reflNM_022168.2|[27886567];578 NM'022354 "H,™„ ■ 

gt|l 19S7980MNM 022449.1|[11967980V 5?TnM 0z£S 3' ■ ' „. 
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hypothetical protein FLJ22056 (FLJ22056) mRNA" 

g|U968044|refINM_022489.1|[l 1968044]; 582: NM.022494 , "Homo sapiens zinc finger 

. r; 0 r ^ 8 ' , H ° mo sapiens aldeh yde dehydrogenase 8 family, member AlfALDHS An 

g.|21361611|refINM_022727.3|[21361611] ; 586: NM 022748 , "Homo sapiens tensin like SH2 
JS^ES"?? 1 (TENS 1), mRNA", gi|175n208l^i22748^n5nm" 7 

751 • Homo sa P lens chromosome 18 open readim frame 1 1 tci Sorfl iSi'. 
gi 12232414|ref|NM 022751.1|ri22324141- 5RR• ^^o,#^^T„ UC1 . ml ^ InENA ' 

(SFXN1), rnimA", 5140255158 re^^^Sel' SS^StSSl^ 1 ' ' 
TSf,^ D9 in,eraCtin8 pr °« n wi^alponin homologi and L^TmaS 

Homo sapiens MARCKS-like protein (MLP), mRNA" NM_023009 , 

protein 306 (ZNF306), mRNA", gi^V^S^^^ 
Homo sapiens galactosidase, beta 1-like (GLB1L), mRNA" NM_024506 , 

gi|40255042|reflNM 024506.3|[402550421- 603- NM ooasi's »n„ • .. ... 

Sr^rSSSffS'E sapiens , • 
maintenance of 'chromosomes U^S^^^T **~ SM<X """»»' 
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fL 154 ! 6 , 461 ^- 0 ^? 4 - 21 ^ 1543 ^ 46 ^ 610: NM_024626 , "Homo sapiens immune 

pxr^f- ' ^° m0 SapienS zmc D HHC domain containing 14 (ZDHHC14? 

mRNA", g l |24371240MNM_024630.2|[24371240]; 612: NM 024643 "^ s^ens 
5 chromosome 14 open reading frame 140 (C14orfl40) mRNA"" P 

gi|13375882|ref]NM 024643. 1|[13375882V 613* NM 024671 '"Hnm no • u . , 

chromosome 6 open reading frame 155 (C6orfl55) mRNA" ~ ' P 

, n fll 133763 26|ref|NM_024882.1|[13376326]; 628: NM_024912 . , reflNM 024912 l|ri33763751 
30 This record was temporarily removed by RefSeq staff for additional review., , 629 NM 024958 
, Homo sapiens chromosome 20 open reading frame 98 (C20orf98) mRNA" JNM - U24y58 
S !l3376446|re£lNM_024958.1| [ 13376446]; 630: NM^^^m^fens TGF-beta 

35 u 

p-^fu^icfl^^^ 

wf^^S^^^SJ T- 025100 ' " Hom ° sa P iens chromosome 14 open readW 
frame 157 (C14orfl57), mRNA", gi 13376666|ref|NM 025100.1|[133766661- 635 NM 02?n7 
40 , "Homo sapiens hypothetical protein FLJ21439 (FLJ21439) niRNA" " 

(FIJ22471), mRNA", gi|13376724|ref]NM_025140.1|[13376724]; 637: NM 025152 "Homn 
sapiens chromosome 14 open reading frame 127 (C14orfl27) mRNA" ' 

45 S^ 4< W-^iS 1|C1 , 337fi74<S3; 638: NM-025212 ^ sapiens CXXC finger 4 
45 (CXXC4), mRNA", gi|13376815|reflNM_025212.1|[13376815]; 639: NM 025236^'Homo 
sapiens nng finger protein 39 (RNF39), transcript variant 1, mRNA", ' 
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gi|25777714|refINM_025236.2|[25777714]; 640: NM_030769 , Homo sapiens N- 
acetylneuraminate pyruvate lyase (dihydrodipicolinate synthase), "(NPL) mRNA" 
gi|13540532|reflNM_030769.1|[13540532]; 641: NM_030785 , "Homo sapiens radial 
spokehead-like 1 (RSHL1), mRNA", gi|13540558|ref|NM_030785.1|[13540558]; 642: 
NM 030786 , "Homo sapiens intermediate filament protein syncoilin (SYNCOILM) mRNA" 
g^l35405601refINM_030786.1|[13540560]; 643: NM 030804 , , ref]NM_030804 1|[135405911 
This record was temporarily removed by RefSeq staff for additional review., , 644- NM 030818 
, Homo sapiens hypothetical protein MGC10471 (MGC10471), mRNA" 
gi|34147391|refINM_030818.2|[34147391]; 645: NM_030903 , "Homo sapiens olfactory 
receptor, family 2, subfamily W, member 1 (OR2W1), mRNA" 

gi|13624328|refJIM_030903.1|[13624328]; 646: NM 030981 /"Homo sapiens RABlB,'member 
RAS oncogene family (RAB1B), mRNA", gi|13569961|refINM_030981.1|[135699611- 647- 
NM 031219 , "Homo sapiens hypothetical protein MGC12904 (MGC12904) mRNA"' 
g^31377665|reflNM_031219.2|[31377665]; 648: NM_031269 , , ref]NM_031269 1|[137751691 
This record was temporarily removed by RefSeq staff for additional review., , 649: NM 031284 
, Homo sapiens ATP-dependent glucokinase (ADP-GK), mRNA" 

^'l 154 ^ 6 ^- 031284 - 31 ^ 1542508 ^ 650: NM 031294 , "Homo sapiens hypothetical 
protein DKFZp586Ml 120 (DKFZP586M1 120), mRNA" 

gi|3363668^1ref]NM_031294.21[336366883; 651: NM_031298 , "Homo sapiens hypothetical 
protein MGC2963 (MGC2963), mRNA", gi|13775219|ref|NM_031298.1|[13775219]- 652- 
NM_03 1450 , "Homo sapiens hypothetical protein p5326 (P5326), mRNA" 

^ |3 / 543 r 3 ^ e ^-° 31450 - 2|C31543378]; 653: NM.032042 , "Homo sapiens hypothetical 
protein DKFZp564D172 (DKFZP564D 172), mRNA" 

gi|37059749|refTNM_032042.3|[37059749]; 654: NMJ)32179 , "Homo sapiens hypothetical 
protein FLJ20542 (FLJ20542), mRNA", gi|14149862|reflNM_032179.1|[14149862]- 655- 
NM_032204 , "Homo sapiens ASC-1 complex subunit P100 (ASClplOO) mRNA" ' 
^'l 4147 ^ 1 ^ 1 ^^- 032204 - 3 ^ 34147616 ^ 656: NM.032209 , "Homo sapiens hypothetical 
K e !fJH? 17 „ 77 ( FLJ21777 )» m RNA", gi|14149905|reflNM_032209.1|[14149905]; 657: 
NM_032338 , Homo sapiens hypothetical protein MGC14817 (MGC14817) mRNA" 

&|3 / 54 xi^S?f- 032338 - 2|[31543151]; 658: ^-032348 , "Homo sapiens hypothetical 
protein MGC3047 (MGC3047), mRNA", gi|39725651|reflNM_032348.2|[39725651]- 659- 
^fr? 3 ?™ ' l H ° m0 Sapiens Zinc fmger P rotein 289 > 101 regulated (ZNF289), mRNA", 
gl|3 + 1543 ^ 8 T 2| 'o^-° 32389 - 21i:3 1543982 ^ 660: NM-032842 , "Homo sapiens hypothetical 
protein FU14803 (FLJ14803), mRNA", gi|14249557|reflNM_032842.1|[14249557]- 661- 
NM_033100 , "Homo sapiens protocadherin 21 (PCDH21) mRNA" 
gi|16933564|ref|NM_033100.1|[16933564]; 662: NM_033184 , "Homo sapiens keratin 
associated protein 2-4 (KRTAP2-4), mRNA", gi|15743557|refp*M_033184.2|[157435571- 663- 
tYwT??? 28 , 4 ' " H ° m0 Sapiens ATP " bindin g cassette, sub-family A (ABC1), member 6 ' 
(ABCA6), , "transcript variant 1, mRNA", gi|27436952|ref|NM_080284.2|[27436952]' 664- 
NM_080603 , "Homo sapiens zinc finger, SWIM domain containing 1 (ZSWTMn mRNA" 
gi|29126221|ref|NM_080603.2|[29126221]; 665: NM__130463 , "Homo sapiens ATPase H+ 
transporting, lysosomal 13kDa, VI subunit G isoform 2", "(ATP6V1G2), transcript variant 1 
"ST; g i l 2 J 0357536 l re flNM-130463.2|[20357536]; 666: NM.138340 , So sapiens ' 
abhydrolase domain containing 3 (ABHD3), mRNA" 

gi|34304337|reflNM _1 3 8340.3 1[34304337]; 667: NWl38967 , "Homo sapiens secretory carrier 
membrane protein 5 (SCAMP5), mRNA", gi|42544128|reflNM_138967.2|[42544128]- 668- 
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10 



15 



sapzens hypothetical protein AY099107 (LOCI 52185) mRNA" ' 
gi|40255074|ref]NM 144718.2|[402550741- 670 NM i^rm ><u 

sapens hypothetical protein FLJ30656 (FLJ30656) rnKNA" ^-152344 , "Homo 

gi|22748746|ref|NM 152344J|[227487461- 673- NMI?947n »u • , 

Homo sap.cn* taxmn (DKFZp451J01 18), mRNA", ^39725959^M.i KLKSI], ' 



-261 - 



WO 2005/003766 



PCT/US2004/019017 



Table 12: Genes having an Gabpa binding site motif 

giK557274MNM 0OO028.f|[4557Wl 2- ^^Sw^S?' Vmmt ' 4> mRNA "- 

(serine (or cys erne) moteinase iriibiS'cladeA--S , T 
member SKAoVmRNA", a^^io^^ST^tS^, 
sapiens ATP-binding cassette, sub-tamily D (ALD) member 1 (ABCDn^>2!° ' m ° 
gi7262392|ref|NM 000033.21(72623921- 4- NM^nnnan (ABCI ? l >' mRNA", 

arpnase, liver (ARG1), mRNA", gi|10947138|reflNS iSiS 5£ « raToSS? 

gi 4502322 reflNM 000053. I|r45023221- 8-NM nnnn*< '. 
gCHE),^ii,455735t 5 fl S^ 

Bloom syndrome (BLM), mRNA", gi|4557364MNM 000057^5573641' 1 E 
Homo sapiens complement component 2 (C2) mRNA 1 ' 1|l4DD /J54J ' 10 ' NM_000063 , 

gi|20631970|reflNM 000063.3|[2063 1970V ll-NM OOOOfiQ 

^-dependent, Ltype, alpna IS ^f^SKS mRNA" """" ^ 
gi 4557400 ref]NM 000069. 1|[45574001- 12- NM nnnrv7<: ' . 

Jdnase 4 (CD^4), mRNA", 

Homo sapiens collagen, type IV, alpha 4 (COL4A4) mRNA" NM_000092 , 

gi|15890083|reflNM 000092.2|[1 58900831- 14-NM OOmnt " W 

family 19, subfamily A, polypeptide (CYP 19 aT"^^ t ? C y tochrome P4 S°> 
gi|13904857|ref|NM O^OloSTl 3904857^ 15 N^'ooTirC 311311 * ^.^^ 
dehydrogenase (DP^), ^^5^ 

Homo sapiens excision repair cross-complementing rodent repal LLiencv " ' NM -° 00122 • 
repan cross-complement^ • " omo sa P ie * s excision 

1 (EXTl), mRNA", gi r 4 5 57570MlNM J booiml^575701- S "n^OMiS"^ (mUWp,e) 
"noo^ &Ct0r Xm ' A1 P0lyPeptide>13Al), mRNA" NM -°°° 129 ' H ° m ° ^P'^ 

gt|9961355ref]NM 000129.2|[996135SV 21- NM nnnta7 »tr • * 

I, tissue (FUCAI),~mRNA", J^*^ 

™ R Ta Sap, ^^ S: f ltansferase 1 (8^ to ««2 7 alpha-I.fueotylS ' 
mRNA",gi4503804M|NM 000148.1|[45038041- 23- MM Zi„ ^™ rMe >. (fUTl), 
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gi|13518031|ref]NM 000168.2|[13518031V 26-NM 000174 • 

(Platelet) (GPS), mPNA", ^Lm^^^f^o^^^^T^ 

Coenzyme A hydratase (trifimctional protein), beta subuntt" "(HADHBrt „»w ? , y 
9K504326|reflNM T 000183.1| [ 4504326]; 28: NM OOOlTs , 'Itaf^enTnSoHnase 1 (HKn 
nuclear gene encoding mitochondrial protein " "tanscrint variant 1 ^pm! nexoKmase 1 CHK1), 
g.14 5 04390|«iJNM_000 188 . 1 |t450439 P 0 ]; sSwHSSS I^moS ' 

»n,',!T- » ? ™ "^"^^-iy^ymathyM-memylglntaryl-CoenzymeAlrase 
homolog, mous ) (LEP), mRNA", 

Homo saprens ligase 1, DNA, ATP-dependen (Lion mKNA" 14J ' 33 ' ""-000234 , 

gi|4557718|reflNM 000234.1|[45577181- 34- ^ M024T»H^„ • ... 
^^transcription &ctor (MnT) ^SSa?" nucrophthataia- 
gi 38156695 refjNM 000248.2|[381566951- 35- NM nnmAO ' • 

colon cancer, nonpofyposia type S«Sa ° m ° ^ h ° m0l ° 8 
g.|28559089|refINM_000249.2|[28559089]; 36- NM 000251 "Ho™ • .o ,. ■ 
colon cancer, nonpolyposis type 1 (E. eoli '(MSH^Sa ^ ""^ h ° m0l ° 8 2 ' 

S2ST-' 1455 " 601 3?: ^-OO^omo aapiena 5- 

(aniridia, keratitis) (PAX6), mlW, 3§iSl£flS fS&SSfigl wTtSfiGSS 

Pk-Pholipaae A2, group IIA^lateleta, S^md) CpJSr nuS™ 0 

gi|20149501reflNM_000300.2|[201495011;47-NM 000302 "H^L' ^ 

lysine, 2-oxoglutarate 5-dioxygLae (tai'i!?a^° T procollagen- 

(PLOD), jnRNA", 81132307X41^^302^07^3^41^ T^^^P 
P ^?^ 1 , n 7 elin Pro,ein 22 < PMP22 )- Script variant 1, n&NA" ' ^ 

gi(24430161MNM 000304.2|[244301611- 49- NM nnmmT^» ' 

for bete-galactosidaa-e (galac,oiialidosi s ), »(p¥ G TnS' ' PK>tein 
gi|4505988[ref]NM 000308.1|[45059881: 50- NM 000316 "Hnmn oar,* .v 
receptor 1 (Pimi), m^A^U9995096M^00 ili^S^S^T^T" 
Homo sapiens 6-pyruvoyltetrahydropterin synthase (PTS), uiPJ4a" NMJm3l7 l • 
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SjWj^OMNM _000317.1|[4S06330J; 52: NM.O0O318 , "Homo sapiens peroxisomal 
NMJ300364 , "Homo sapxens troponin T2, cardiac (TNNT2> mRNA" 

solute carrier family 25 (carniline/acyFcarnitine ^slocie) - • SS^SH 

2™Sr. • ♦ '■ , P16ns c y chn - de Pendent kinase inhibitor 1A (p21 Cipn fCDKNl AV 
transcript vanant 1, mRNA", gi|17978496|reflNM 0003 89.2|[ 179784961 63 NM 0^w' ' 
Homo sapiens cathepsin K (pycnodysostosis) (CTSK), mRNA" NM_000396 , 

gi|23110958|reflNM 000396.2|[23 110958V 64- NM OOoSS? «w 

respo^ea^olaomolog.LsoS Homo sapxens early growth 

gi 9845523 ref|NM 000399.2I[98455231- 65- NM nnn£5 »w 

gi|21614519MNM 000402.2|[21614519V 66- NM OOfum"H protem.m KNA 
epimerase, UDP (GALE), m^A", ^^SmZm^^iffi^ 
^Sl™ methioni -= adenosyltansferase L alpha~(MATlA mwji" NM - 000429 • 

S®^«5!5fe 7o* 

V Homo sapiens apohpoprotein C-II (APOC2) mRNA" 
gi|26667213|reflNM 000503. 3 1[266672 131- 73- NM 0(1^9 

hydroxytryptamine (serotonin) receptor 1 A (HTR1A) mRNA" P 
gi|4504530|reflNM 000524.1|[4504530V 76- NM OOoSr»w' • , • 

(epidennolysisbulfosasimpJUow^ 
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©11543 309|ref|NM_000526.3|[15431309];77:NM 000528 %™ • 
alpha, class 2B, member 1 (MAN2B1), niRNA" riMfiSSwl 5S? S £ PienS mannos idase, 
NM_000534 , "Homo sapiens PMS1 postaelohvfJ^ t P 67 M NM -°00528.1|[10834967]; 78: 
(PMS1),", mRNA, gi|l 1496979|rer^^ 1 < S ' ^visiae) 

5 thyroid peroxidase ^PO), SSjKSffi m^ 979 * ? * NM -°°° 547 • " H <>™ sapiens 
gi28558981|ref]NM 000547 3ir28558981 V a^c.o , 

2 (TSC2), transcript variant I fnS? !J 'ni^T °S 'n? 0 ™ Sapiens ^osis 
NM 000581 , "Homo sapiens S^to SSSffl?^?^? 1 ^^ 81: 
©Kl406083|ref]NM_000581.2!41406083n2 lS ^^OoS ^ ^ V ^ nRNA "« 
10 Phosphoprotein 1 (osteopontin bone siaIo P otei ^ e^-Tl^o T'Z 

~o^ 

^7gl|2Wl»5^^ dL3) 7 , 979] ' 
1 5 complement component 4B (C4m m PM 4 « -ifi*™™ f™ 1 - 0005 ^ , "Homo sapiens 

NM 000593 , »Homo%fen ( sTni^1 '£> ^i\ 577920 i ref INM-000592.3|[14577920]; 86: 
(TAP1),", mRNA, ^7^^"^^^^^^^^^ (MDR^AP) 

20 £ 9 ^^^ «: W^i'o sapiens lymphotoxin 

89: NM 000600 , Smo^arSens mteril^' f??. i gl l 6806892 l re ^-00059?2|[6806892]. 

synthase 3 (endothelial cell) (NOS3) mRNA" o^^^o?? 'J? 1110 Sapiens ^ oxide 
NM 000606 , "Homo sameXn™i ♦ ' gl|40254421 l ref I N M_000603.2|[402544211- 91- 

B2 (BDKRB2), mRNA", gill 73 52499 IreflN^ ™7ko* fl'^ 0 ™ 0 Sapiens bra dykinin receptor 
sapiens CD79B antigen (iSiaSfflSJs^^w^ 2499 ^ 93: ^-^626 , "Homo 
mRNA", gi|l lOSS^I^^o^^^S^.^?^ 8 ^ transcri P t "' "variant 1, 
interleukin 10 receptor, bLteflLlORBV i! ^rmI" ,^ NM -° 00628 ' " Homo sa P^s 

30 NM_000635 , "Homo StS ^ ^ ^ 4 ^_000628.3|[2 P 4430214]; 95: 
(RFX2),", "transcript variant 1 mRNA"^ ^iTov^'ssnl^x^r 6 ^/^' ° lasS 11 ex P"*sion) 
SS * '^°n SapienS ~ne^du^ *= 
SS!rS& ^-7^-o sapiens vitronectin (serum 

35 p|1820l910|reflNM_00063l"| [ l^^ 

L9 (RPL9), mRNA", gi|15431302|ref^ 00^ P^tein 
sapiens alcohol dehydrogenase 7 (class ^T;.- ? ]; " : ^-^0673 , "Homo 

gi|11496969|reflN^ foo nKIH^ (ADH7) '"' 

alpha-IB-, receptor (ADRA1B mRNA" till 54 si n H ° m ° Sapiens Anergic, 

40 NM_000681 , "Homo sapiens adr^Sc' a ^ 5 r 83,re ^ r 000679 - 2 l[15451783]; 101 

alpha-2B-, receptor (ADRA2B), mRNA" tti^QRQ^ ™ ° m ° Sapiens adr energic, 

NM 000684 , "Homo sanien Tad^^'f I f 98959 MNM_000682.3|[335989591; 103- 
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variant 1, , mRNA, gi|403 16942|ref]NM 000688.4|[403 169421; 106- NM 000697 %™ 
sapiens arachidonate 12-lipoxygenase (ALOX12) mRNA" *M_000697 , Homo 

gi|4502050|ref|NM_000697.1|[45020501: 107- NM 000721 "Hnmnmi™.. i- 
voltage-dependent, alpha IE subunit (CACNaZ" *£Sl P ^ 

f^'f 8 J r 1^TT 72 !- 1|[4502528]; 108: NMJW0747 "Homo sapiens cholinergic 
receptor, nicotinic, beta polypeptide 1 (muscle)", "(CHRNB1) mRNA" mwa BK 

S |41327725|ref^_000747.2|[41327725]; 109:'™ 000751 , ^'sapiens cholinergic 
receptor, mcotimc, delta polypeptide (CHRND) mRNA" cnounergic 

gi|4557460|ref]NM 000751. 1|[45574601- 110- NM 000760 »u nmnM • , . , . 
10 fe ^^r fl r( ^ anUl0Cyte > wStl H^piens colony stimulatmg 

SSKfTA 2 1[ T 37 ° 46]; 111: ^-000781 'Cts'apiens cytochrome 
P450 family 1 1, subfamily A, polypeptide 1 (CYP1 1A1),", "nuclear gene encodine 
mitochondrial protein, mRNA", gi|4503 1 88 |ref|NM_00078 1 . 1 1[4503 lllty H2°NM 000782 
Homo sapiens cytochrome P450, family 24, subfamily A, polypeptide i ^ (OT^n " "nudear 

An " " T SaP16nS Cyto J chrome P450 > fa ^y 27, subfamily A, polypeptide 1 
(CYP27A1), 1 , "nuclear gene encoding mitochondrial protein mRNA" 

™ ' J"7? 7, su V &m,1 5' B ' Polypeptide 1 (CYP27B1),", "nuclear gene encodtas 

anunobutync ac.d (GABA) A receptor, alpha 4 (OABRA41 mRNA" 
g.|34452722|ref)NM_000809.2|[34452722] ; 119:NM OOOSlS^Homc sapiens eamma 

sapiens glutamate receptor, metabotropic 2 (GRM2), mRNA" NM - 000839 . Homo 

hydroxytryptamine (serotonin) receptor IB (HTRlBf mRNA" 

(inosine monophosphate) dehydrogenase 1 ^^I^^^JTSST 
nTo"o^ 

< ^ifX ' Homo sapiens nuclear receptor subfamily 3, group C member 2 am^rrT 
5 mRNA", &K^^98|ref|NM_000901.1|[4505198]; 130: NM%00905 /'Homo sapiens 

neuropeptide Y (NPY), mRNA", gi|31542152|refIiNM_000905.2|[3 1542^13^000915 . 
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"Homo sapiens oxytocin, prepro- (neurophysin D (OXT) mRNA" 
gi|12707574|reflNM 000915 2|[12707574Vi 32- 

beta 3 (phos^y^^i^J^^^; ' ^ Sapi6nS P^olipase C, 

gi|11386138|ref]NM_000932J|[11386138];133-'^000939 Hn mn , ■ 

^Ssa^ acid) p°^ e P tide 2 SgS mo sapiens prolme - rich Gla 

gi|4506136rer]NM 000951. 1|[45061361- 135- NM OflS« w„ 

endoperoxide synthase 2 (proLglandln G/H ° ^ ' T° Sapi6nS ^^S^din- 
gi|4506264|refl>L_000963!l JS^]?SSSwoSS ? T ° S2) ' mRNA "' 

L6 (RPL6), mRNA", ^6753^^ 00^^^ 

Si ^STSiErSSr L8 ^ Vari *°< 3i» NH.000973 , "Homo 

gi|15431304ref^NM 000973 .2|[ 1543 13041- 138- NM onnoT^ »u' 
proteinLll(RPLnXm^ IL g i |15 43^ 

Homo sapiens nbosomal protein L18a (RPL18A} mRNA " NM 000980 , 

gi|15431299|ref]NM_000980.2|[154312991- 140 NM 000981 "W„ 

protein L19 (RPL19), ^^ms^^^ l^nZlTm^^O 
Homo sapiens nbosomal protein L21 (RPL2lV mRNA" W2] * ML ^-000982 , 

gi|18104947|ref]NM 000982.2|[1 8 1049471- 142- NM onnocn »u . . 

protein L3 1 (RPL3 lT mRNA" rill « nwi i oilSJwsSSS? «?r H ° m ° Sapiens ribos omal 
"Homo sapiens nbosomaC^^ STmR^A" ' [15812219]; 143: NM - 00 ^94 , 
gi|15812220|reflNM_000994.2|[15812220];144^0o'o995 "Ho™ i -u 

protein S15 (RPS15), mRNA", #4»19lV*KS lil^lTSSSEfoiQ 
Homo sapiens nbosomal protein S15a(RPS15A) mRNA" i|UTO " yuJ ' '51.NM_001019, 
gi)34335150|ref|NM_W1019.3|[34335150];152 NM 001026 " Hnm o.» • -v 

5* f 6 »»» mRNA", IL gi |,50, l^^oZ^lh^T^-l^oSO 
JSST? , o!^™ ™? Pr ° tein S27 (metallopaastoaBn 1) CRPS2T K NM -°° 1030 ' 
gi|15011937retlNM_001030.2[150119371- 156- NM mimi ■ '. 

Homo sapiens sex hormone-binding globulin (SHBG) mRNA " NM_001040 , 

gi|7382459|reflNM 001040.2|[73824591- 158- EniJT^' 
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S'J (SSTRl), mRNA", gi|33946330]reflNM 001049.2|[339463301; 160- NM 001051 
Homo sapiens somatostatin receptor 3 (SSTR3") mRNA" - W1 05 1 ' 

gi|4557860|reflNM_001051.1|[45578601; 161: NM 001057 "Ho™ ♦ i. i • • 

2 ™),mRNA",g^ 

sapiens topoisomerase (DNA) H beta 180kDa (TOP2B) mRNA" ' 
& |19913407|reflNM_001068.2|[19913407]; 163:NM 00^'komo sapiens 
phosphodiesterase 5A, cGMP-specific (PDE5A), tonlcriot variant^ ^pS 
gi|15812210|reflNM_001083.2|[15812210]; 164 NM SlOsT^n^ ' • 

JNM_001090 , Homo sapiens ATP-binding cassette sub-famTlv v ranKrom J ' , 
(ABCF1), mRNA", gi|10947134|reflNM M?0^1W^f<^^S?^ 

gi4S57240|ref|NM 001104.1|r4557240V 170- MM mi i^TV£ ' 

*pe I (ACVR1), mKNA", JoZ^^hl^^^T^Zn^ 

^rP° „ , ' Homo sainens adenylosuccinate synthase (ADSS) mRNA" 
gi|34577062ref|NM 001126.2|[345770621- 176- NM 001 1T7 .&„ '. 
ptptein complex 1, beta 1 subuL (tfmriSS flT" "kPtor-retatod 
gi|22027650|reflNM_001127.2|[220276501 7? MrfMUzT -W^- : a*,.- „• 

diphosphate linlced moiety X) type motif 2 TOmTO I ' • SapienS nudlx ( nuc leoside 
gi|22265329|reflNM 0011 6 ^SS S^rC^ 1 '^; 

(A4)precursorprotein-binding^mS '^1^^^ ' 

mRNA", gi|22035552|reflNM 001 164.2| 22035552V 183 NM W ^ P U 
baculoviral IAP repeat-containing 2 (BIRC2) mRNA" " ' ^ S&PienS 

gi|41349435|reflNM 00 1 1 66.3 1[4 134943 51- 184- NM nmi7n »ti 

(AQF7), mRNA", gi^lSe^.M^OaiKoT fc?£ S™ 7 
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uninhibited by benzimidazoles 1 homolog beta Cve^tf »mr m i m t>xt a „ 

(fast-twitch, skeletal muscle) (CASQ1 , nuclear" "it. 1-* • ° Sapiens calse questrin 1 
mRNA", gi|21536273|ref!NM 001231 2?^^ protein > 
5 A2 (CCNA2), mRNA", tf|16»^|S 0^237 JS^£??« 7 ' " H ° m0 Sapiens ^ 

STo^»™ 

»^ — 
loop-helix ubiquitous kinase (CHUK) mRNA" "bSiqqm IS? 'J^f £ Sapi6nS conserved helix- 
NM_001286 , "Homo sapien iSCriA^]?!^ 198: 

intracellular channel 1 fCLIC \ m RWA l^ocVoSi . ? ' Homo sa P le «s chloride 
NM_001291 . ^^^^i^^^^^^Wk 

n^A;,gi|4557476MNM_001291 ^J^T^^n^^ 1 ^ 139 ' 
channel, nucleotide-sensitive 1A fCLNSI a( „Sia?' m^tSS?? 3 ' Homo sa P iens chloride 
25 202: NM 001303 , ^omJsL^rn^nl' ^ ' "^OM^WNMjOO 1293.1 1[45028901- 
hemeAVfamesy^^^^ 

"protein, mRNA", gill 792 1981 SmnK^ g6ne encodin 8 mitochondrial", 

simulation actor, 3' pre-RNA, Lunit 3 7W) a rCSTO3v?tp5r° SmmS ° leaVage 

lodothyronine, type HI (DI03) mRNA" riUmf^^f^? 3oa0 Sapiens deiod mase, 

40 *%5SS? 4 . ' ^° m ° Sapi - ™ 21 1: 

gx|41393584|reflNM_001374.2|[41393584]; 212: NM -001378 S' . 
cytoplasmic, intermediate polypeptide 2 (DNCI2) mRNA" ' ^ dyn6m ' 

gi 24307878)reflNM 001378 111243078781 
214: NM.001384 , %omo sapiens S 

d.hydropy.nndmase-like 2 (DPYSL2), nW, l^lS^li^^^. 
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phosphatase 9 (DUSP9), mRNA" oiUsmioni x£w-™I ' Homo "P»«s dual specificity 
"Homo sapiens eukary4c^lti?n S 21 * NM 001414 

eukaryotic translation initiation factor 2 Zhlfl' N**- 0014 ^ , "Homo sapiens 
gi|21314612 M ^^ "(BIF2S3), mRNA", 

(embryonic lethal, abnormal vision DrosoohilaV ifli^ m « « ' ¥ ° sapiens ELAV 

15 gi|41327154|ref|NM 001430 3 U 13 27 1541 ^xt^' no, 

signalling 1 (ERNlXnW^ ^piens ER to nucleus 

"Homo sapiens fibrillar^ (FBL^mRNA" tite&S^ ^S? 6 ^ 226: ^-001436 , 
NM.001450 , "Homo sapiens fou^and .iff ™S 464 fr e ^- 001 436.2|[12056464]; 227 
mRNA", gi|42403584|reflN^ 3\^J^J^Tl^ 2) ' Script variant 1, 

20 forkhead box Fl (FOXF1), S ^^f^S 8 ^- 00145 1 • " Homo sa P*ns 

. "Homo sapiens forkh Jb^bxJl S^^VSS? 3 ^ 229: NM.001454 
230:NM_001467 , "Homo sapien somt Sftmf ^ 4 3 ^ 23 ^M 0 014 54.1|[4557023]; 
HhSSS ( ^ C37A4 \^A", ^2136^^ 

25 SS^^ 

'^^^ 

S |4503940|ref,NM_001485.1|[4503940T;23^^ . 
(hexokinase 4) regulatory protein CGCKR ^mCMi» 'iiaw! Homo sa P iens gl«cokinase 
30 235: NMj)01487^Hom^o sa^ 

(yeast), "(GCN5L1), mRNA" ri|4503954£flSr nn? tf^ 0 '^ ^esis 5-like 1 
''Homo sapiens glucosaminyl'^et^i S S 5039 ^ 236: NM-«)1491 , 
"transcript variant 2, mRNA" gi|30061 5<XflSS nA^n?^ 8 enzyme (GCNT2),", 
"Homo sapiens gonadotropiirS 2 ™ NM_001501 , 

gi|4504056|ref]NM_001501 .1|[450405 6 £ 2™ ?NM ^o^??^ 0 "^ variant 1,", mRNA, 
motif) ligand 1 (melanoma growth stimuli, w^L \ >H°mo sapiens c hemokine (C-X-C 
gi|4504152MNM_001511^S^ 

transferase zeta 1 (maleylacetoacetate isomen^WST7n' I ° Sapi6nS S lutathi <™ 
^ 22 202621|refiNM_001513.2|[222026?Sl4^ Varfant 3 » »«NA- 

transcription factor IIH, polypeptide 3 34kDa 7omml « » J!° m ° Sap,ens general 
gi 28376643 IreflNM o6l51fi ^ir^^T^\ . "^A. 

This record LfZ^^T^Tl^ >. • - ? NM_001517.3| [ 34222289], 

«4f enS hya " Urona " S ^ S) Sa" addltl ° nal reVi6W -' ' 242: NH.001523 
giK504338|ref]NM_001 523. 1 1[450433 81- 243- NM 001^07 

2 (HDAC2), mRNA", gi|4557640|reimi wi W iKlSL?^ H? " S hiSt ° ne dea <*tylase 
™ GF activa^^^ 
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superfamily, member 3 (IGSF3) mRNA" muSSfe^ *™\r S&pienS immu noglobulin 

NM_001544 , "Homo sapie^ iSd^f^ 626 ^ f I N H_ 00 1542.1|[4504626]; 248: 
group", "(ICAM4), transit ^ 

249: NM 001545 , "HomoLm^rn™^ J 81,12545400 l ref l N M_001544.2|[125454001: 

(mterferon-gamma-inducing factor^ rtLl «f ™pxta « ISS^ H ° m ° Sapiens int erleukin 18 
251: NM 001567 , •mmofapS^S 

mRNA", gi|4755141MNM wS^^i^'^S'S^S^ 1 (INPPL1) ' 
mterleukin-1 receptor-associlted kinase 1 SiSS m^~ 69 ' H ° m ° SapienS 
g»|4755143MNM_001569.2|[4755143] 253^'o^f '"Ho™* • • _ 
regulatory factor 3 (IRF3) mRNA" rikW™ «SfJ Homo sa P*ens interferon 
. "Homo sapiens chromosome^ ft^^J^^^; 1 ^ 04724 ^ 254: NM.001585 
gi|31542268|ref]NM 001585 2bSSSS?S5SI iSS?* 0, mRNA "' 

arr (Ac ^ ^ ^ 

Homo sapiens actin, gamma 2 qmnntii rr»! e «il 7 - x.^ti 1 /uuyj, 256: NM 001615 9 

receptor, type II (ACVR2), mRNA" aMofc^lrf&S SS ! Homo sa P ien * activin A 
NM_001618 , Homo sapient ADP riiSIS! * 1 ref l N J V *- 00161 6.2|[10862696]; 258: 
"(ADPRTXmRNA",^!^ 

sapiens aryl hydrocarbon receDtor fAHl^?"mPM *« 'lin ' 259: N M_001621 , "Homo 

260: NM 001622 , 'S^SSL^ ',"5^ ' S 1 l 5016091 MNM_001621.2|[5bl6091]- 

family 1, member Bl (aldose reductase)" 'Sb S A «° m0 Sapi6nS ald °- ket ° reductase 
? |24497579]ref W _001628.2|E24497579];2^^^ :, Homo . 
hpoxygenase-activating protein (ALOX5AP) mRNA" ' Homo sa P iens a rachidonate 5- 

gi|15718674|reflNM_001629.2|[15718674]-26?NM 001637 « W 

hydrolase (neutrophil) (AO AH) mRNA' ' Yii SlSr ^ H ° m ° Sapiens a °yl°xyacyl 

NM.001649 , "Homo ij^iSd^W? G£S l4 ' ref l N M- 0 °1637.1|[4502114]; 264: 
gi|18375508|re^M_001 P 64^18^^^^^^^ 

sarcoma 361 1 viral oncogene homolog 1 f ARAPi 1 .? ' ° m ° Sapiens v " raf murine 

gi|4502192Kf 1 NM_0016 g 54.1| [ 4502r 9 ^^ £S£ ' „ H 

(ARCN1), mRNA", gi|21 626463 |reflNM 5ft"? 1 

sapiens ADP-ribosylat on factor 5 f*ml irS'» , [ 6463]; 267: NM_001662 , "Homo 
268: NM.001664 SoSSS ^l^95999|reflNM_001662.2| 6995999]; 

synthetase (ASNS), transcript variant 2 mRNA" «^Q7ii™ ST 0 Sapiens as P ara gine 



-271 - 



WO 2005/003766 



PCT/US2004/019017 



^A\^|33469975|ref]NM_001675.2|[33469975]-274.NM 001 67* »tt 
ATPase, Na+/K+ transporting, beta 2 poLeptide (. ATOffl^XrS ' m ° Sapi6nS 

g|40254453|reflNM_0016782|[4025445 3 Tl7? T N M ^Mfi«R^ ' • 
H+ transporting, mitochondria 1F0 complex subunifh" " J * ? ? api6nS ATP 
5 gi|21361564|refjNMJ)01688.2|^ < ATP5F1 )> m RNA", 

™LR3^ 

sapiens ^-W^sphSK^i^kro^^^^ 5 278: NM_00I724 , "Homo 
10 gi|40353767MNM.0017243 K^^C^^T mRNA "' 
bactericidal/permeability-increasing protein (BPI)^RNA» ' ° 
&|4502446|reflNM_001725.1|[4502446];280 "nm^o » W 

VA, mitochondrial (CASA^ nuclear Jn.t ?. M - 00 , 1739 » Homo sapiens carbonic anhydrase 

15 caknum/calmodulin-dependenr protein kbase ^cS; n 2Z°., SapienS 

gi|27477118|ref]NM_001744.3|[27477118]- 282 N^Hmv^S ' • 

(actin filament), gelsolin-like fCAPO «5™ -Ji^l 7 f 7 ' Homo sa P iens capping protein 

NM 001760 , 1:^1^ ^ A 0|reflNM^01747. 1 , [ 450^; 283: 

T55-£»B antigenVmllanomal^ 285: ««780 , "Homo 

^34328936MNM_0017803|[34328936]4 8 6 ^^Vfi' "tt 

2 (CDH8), mRNA", gi| 163 06538^ Sifi. ^T^n^oo^ 8 ' type 
sapiens cyclin-dependent kinase 7 fMOl ? i V' 87: ^-001799 , "Homo 

25 (CDK7),rnRNA^gi|16^ 

sapiens CCAAT/enhancer bind ^ NM_001806 , "Homo 

gi|34452718 M NM_00180M[~ 

M^^' 4*" ^^^^^ 

brain (CKB), mRNA", gi|3433523 l|reflNM 00^3 nSLs^o?^ T*" ktoaS ^ 
sapiens cannabinoid receptor 2 (macropWeK^^ 92> ' * sJM -°01841 , "Homo 

^4502928|ref|NMj)0184Xl|^ 

35 ^W^^'^^^^X Homo sapiens ciliary neurotrophic 

35 gi|22212916|reflNM_001842.3|[22212916V294-NM Oms^ «u 

family 31 (copper tr^orter^meX (IlC3^' rm^ 0 " 10 S ° P>W SoIute carrier 
g.l40254457|reflNM_001 859.2J40254«7]- 299^"^ mS^w 
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transcription factor 2 (ATF2), mRNA" «ril2?5^7i ixn?*' ° Sapiens bating 

sapiens CTP synthase (CT PS ) mRNA" 3 ° 8: ^-001905 , "Homo 

309: 

15 nJ^I ^ ,reflNM -°° 1 91 7-3 1[2 1 53 6469]; 310: NM 001923^«™ • , 
15 DNA binding protein 1, 127kDa (DDBl) mRNA" Zl^l^t'* T£ Sapiens ^age-specific 
31 1: NM.001924 , "Homo sapiens growm^f'f ^^ 4 A 35 , 358 ^ f I N M-001923.2|[13435358]; 
(GADD45A), mRNA", gi|9790904lreflNM SfiooJoSSn - dama 8 e -™lucible, alpha 
sapiens D component ^^SS^^mfSSS^ 3 * NM - 0019 28 , "Homo 
gi|42544238|ref]NM 001928 211425442?*^ 
20 protein, palmitoylated 3 ^G^s llhli; NM -° 1 ° 193 l 2 > "Homo sapiens membrane 
gi|21536463|ref^ W, mRNA", 

S-succmyltransferase (E2 component of 4 ' N ™-°° 1933 » Homo sapiens dihydrolipoamide 

^132307170^^01933^32307^ 0*** W 

(pemphigus vulgaris antigen) (DSG3) mMA' S!l?^? mo Saplens desmoglein 3 
* NM 001955 , "Homo sapiensUSe^ 316: 
^21359861|refINM_ 0 01955.2|[21359861 „ w 

translation elongation factor 1 alpha 2 (EEF1A2) rnRN A " ' ° Sapi6nS eukar y°^ 

translation elongation factor 1 beta 2 (EEF1B2 I " 'J™™ + ' . H ° m ° Sapiens eu Wotic 
'0 gi|16519564|ref]NM 001959 2|ri65l95641 ^ io- VilfSS! Vamnt "^A"' 

(EFNA5), mRNA", gi|4503486|re^i wi^^ t^0?^^? OinO Sapiens #***S 
eukaryotic translation 'initiation fi^^S C ^?' , 3 ? 0: ™ 7 001967 • ^piens 
8i|9945313|reflNM_001967.2| [ 9945313^32fSoS^^^^^ 

containing, mucin-like, hormone receptor-like r'"S ' SfX Sapi6nS egf " like moduIe 

metT 7488MNM -°° 1974 - 3 lf 408 ^ • 
^fc ne r r0temband4 - 9 ( dema tin)(EPB49) mP^A" ' Ho ™ sapiens erythrocyte 

g»K503580|refINM_001978.1|[4503580];323 *NM^m985 « W 

flavoprotein, beta polypeptide (ETFB) i^^|i^if fi : H °5° sa P ie ^ electron-transfer- 
NM_001989 , "Homo sapiens eve Teven^nnJ f 1 ° 3 ? 08 M NM -001985.1|[4503608]; 324- 

> mRNA", gi|24497610|ref^I 00^989 2 J^ 6 J3?SJ?5J?^ 1 ( Dr0sopMa ) 0BVX1X 
absent homolog 3 (Drosophilal fEY? * f 1« 7 \ 1 ' NM -°°1990 , "Homo sapiens eves 
gi|26667242MNM 00?990 t^^^^T'^ mRNA, P ^ 
factor II (thrombin) ^o^^^^^^t^ 1 ^^ sapiens coagulation 

. NM 002004 , "Homo sapiens S^^^ 1 ^^-^ 01 ^^ 1 164]; 327: 

► synthetase,", "dimethylallyltranstran S fer a ,P Z. T ^ 6 ( farnes y! Pyrophosphate 
gi|41281370|re^ M i020^~^^^^^^ 

j, oza. jnm_u02005 , Homo sapiens feline sarcoma 
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tnad gene(FHIT), mfUMA", gi 4503718^ ^2M 2 IKS^.^TS^"^ 
sapiens fins-related tyrosine kinase 4 m -ri ■ . . " 03 7 1S X 331: NM 002020 , "Homo 

81I4503752MNM K^gSWiJ?' fl • 
5STSS35 % 4 (FM ° 4)> ^03758|re^ 2 02022?S 

transcription factor, beta subunit 2 47kDa" TOAmSS? I ' ° mo sa Piens GA binding protein 
g8051596|re£lNM_002041.2|[80515^ ^ S^" 1 ' 

glycyl-tRNA synthetase (GARS), mRNA" SS^-? 02047 ' " H ° mo Sa P iens 

NM 002052 , "Homo saiie™ al-rAWA- S1|6996 ? 09 ' ref lNM_002047. 1 [69960091; 337- 
^^SOM^OO?^ 

peroxidase 2 (gastrointestinal) GPX2) mRNA o^oSS,' S „ apIens d"***"™ 

339: NM 002086 , "Homo saDiens™^^ ' gl|32967 t 06 l rcf l NM - 002( '°3.2|[329676061; 

giP^rer^^OsW^ 



NM 002095 »Rornoo a '* , A > §^1361339 ref]NM 002093. 2|[2 13 61 3391- 341- 

sapiens hemopoietic cell kinase (HCK) mRNA" ^ : NM- 0021 10 » "Homo 

343: NM.002115 , "Homo sapiS™ 

~A2,n^g!» 

sapiens homeo box D10 (HOXDlff. mRNA" Q 345: NM -°°2148 , "Homo 

NM_002151 , "Homo sapfens^psmS^^ 346: 
variant", "2, mRNA", gi|450448XflNM 002?£ XESS f™ 8 1} (HPN >' 1 ™ c ^ rt 
sapiens histidine rich cli^binc^^ ^ NM - 002152 ' "Homo 

gi|4504486|ref|NM_002152.1|[4504486]; 34fr NM 00^ -r„ • , 

protein 1 (chaperonin 10) (HSPE1) mR^S SapienS heat shock 

NM 002158 , "Homo sapiens lm™^^ J 81 450 5 522 l ref I NM -002157.1|[45045223; 349: 
!40-549453MN^ 

adhesion molecule 3 (ICAM3) mRNA" ' 1 I siwcSi: 5 ™ H ° ma Sapiens in tercellular 

NM.002193 , "Homo sap^/hS beteB ^f^^^ 162 ^ 12545399 ^ 351: 
gi|f257224 M NM_002193a|[9^7Si SK ^^cl^™^ QNHBB), mRNA", 
polyphosphate-l -phosphatase HNPPn ™dxta m 4 ' Homo sa P le «s inositol 

NM 0021 Ofi "h^ • (INPP1), mRNA", gi 4755138|ref]NM 002194 2ir4755i3«i- 

regulatory factor 1 (IRFn mRNA" aiM4W™i ' m ° sa P lens interferon 
. "Homolpiens inLeron^^ 35 * ™ 002199 



355: NM -°° 21f 

p 4755144|refJNM_002199.2|[4755144]: 356- NM OVnm >>u • • 

(vitronectin receptor, alpha po ypeptide antieen-^n r^rn^ "I? 6 " 8 integrin ' al P ha V 
45 g|402l 78 44|ref|r^^^^ NM^S ^ 

binding protein (ITGB4BP), transcrip variant 1 - nS ' ^P™ 8 fatt8 * 1 
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p|31563381|ref]NM_002212.2)[315633811;358-NM 007917 »u n 

(globulin) inhibitor, H3 polypeptide (ITIH3) n^SJ" * m ° Sapi6nS pte - alpha 

gi 10092578|reflNM_0022mf I0092578i 3S^M 002221 "TT 

tnsphosphate 3-kinase B (ITPKB) m RNA» ^n^iaS l^ K ° m ° Sapiens inositol W- 

gi|13259537|r e flNM_002231.2|[13259537] 3^ ^S4' " W 

voltage-gated channel, shaker-related subfamUy n^Zs^C^T^^^ 

gi|25952081|reflNM_002232.2|[25952081]^63; nT 0 02238 X ' . 

voltage-gated channel, subfamily H feaa ~u«„ ' m ° sapiens P ot assium 

mRNA", ^43fflrf& ( S^« ^D^cnp, variant 2, 
potassium mwardly-recnfyins channel Jnhh JS,f t 3 °4.JNM 002241 , "Homo sapiens 

pPs^isssire^.ooaSsnm^ 1 ^^ 

mtermediate/small conductance ^calcium-aeHvaL ihTnnrf^ » ' 5°™? "T™ Po^sinm 

mRNA", g"PS777642| B ^«B2SS^3|^ 1 M^& ' (KCNN1) ' 

potassium voltage-eated chani^i ^«i a , Ja Jl t JNM _002252 , "Homo sapiens 

kalhkrein 1, renal/pancreas/salivary (KLK1) mRNA" NM - 002257 . H °™> sapiens 

8;|22027643|retlNM_002257.2|[22027643] 3o^NM 'o0226* » W • , 

alpha 4 (importin alpha 3) (KPNA4) mRNA' ^i5T Sapi6nS ******** 

NM_002277 , "Homo sapiens ^^i^^^ 369: 

gi 149171 14|ref]NM_002277.2|[149171 14V 370 NM^S^ »l^ A * • 

acidic, 5 (KRTHA5) mRNA" mMi tXi ™ ' Hom <> sapiens keratin, hair, 

"Homo 5 4 S^i 2 ,?°- 3|[15431313 ^ ™ 002283 , 

Si 543l324|ref|NM_002283.2|[1543 1324V372 NMOOMSfi n. 

"(UF), mRNA", rtSSSSS^tSa'W STSS di *~* facto), 
Hgase IV, DNA, ATP-dependent (LK4) rnksS J^SoooSi^T?? 23 12 ' " Horao sa P iens 
377: NM 002316 , "Homo sanity M t,„V ' gl|23I99992 l ref l N M-002312.2|[23199992]: 

density lipoprotein receptor-related protein 5 fLRpV LTrf 35 ; Homo sa P iens low 

lymphocyte antigen 6 complex, locus S'S 1 ' NM_002347 , "Homo sapiens 
gi|4505050|ref]NMJ)02347.1|[4505050] ;38?%!btttt« » W 

protein 1 (MAD), mRNA", gi 4505068 SrrtSi^w^SinSSf S3pienS MAX dime rization 
sapiens mannosidase, alpha, c Ls TSlSfn 05 ^ 383: NM -°°2372 , "Homo 

ot.iwi_uu^/s, Homo sapiens megakaryocyte- 
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^^^^^^^(^^^mptvmant" "2 mRNA" 
gi|21450841 reflNM_002378.2|[21450841]- 385- NM 002^?l «uV 
(MATN3), mRNA", gi|i3518040|ref|NM SmiS-SK 3 
sapiens melanocortin 1 receotor * L . ^ 386: ^-002386 , Homo 

5 mRNA", *|27477^8 r^ ^eptor) (MC1R), 

mmxchromosome maintenance deficient 3 (S o^^i^^^Jt" 00 Sapi6nS MCM3 
gi|33356548|reflNM_002388.3|[33356548] M«73m ^SoSS?™/^^ 
metalloproteinase domain 1 1 (ADAM1 1) tranL^ "2? ♦ '1 ™ Sapiens a disi ntegrin and 
gi|4585709|ref]NM_002390.2 5^5709 38^ 0023^ Hn^ A " ' • 
10 growth-promoting factor 2) (MDK) mRNA " J ?i^™£of '„?° m ° Sapiens midkine ( neurf te 

transcript variant f, mRNA", «1M^S|Sn2«5SS S^^SS? ! ° g 2 (m ° USe) "' "(MEIS2), 

^ ^T^^ mRNA.'^, ^ U > 

20 methylguanine-DNAmethyltrLferaseS Homo sapxens 0-6- 

gi|4505176|ref|NM_002412.1|[4505176]-396:iW^419 % mn ■ 

protein kinase kinase kinase 11 (MAP3K1 n mRNA" ' Sapi6nS mrto g e n-activated 

gi|21735553|reflNM_002419.2|[21735553];39^NM 002427 "Hotnn , ■ 
metalloproteinase 13 (collagenase 3) (MMP13) mRNA" ' P16nS ma,nx 

5 gi|13027796|ref|NM_002427.2|[13027796] ^frNM^M »w 

kbaSe ^ 10 (^3^°^.' H ° m ° Sapiens 

& 21735549 re£|NM_002446.2|[21735549]- 402- NM 002447 h 

stimulating 1 receptor (c-met-related ^^^^mtT^ vX^^^ 
. fi|4505264MNM_002447.1|[45052S NM 0024^2 R^' " „ 

> diphosphate linked moiety X)' type motif 1-(nSm^^ 5? ° nUdix ( n ^eoside 

gi|40288273|ref]NM_002452.3B02T8273P 404^ 00^3 1 '. mRN f> 
translational initiation factor 2 04TIF21 ™^ £L ° m ° Saplens mit °chondrial 

mRNA", gi,4505276MNM S ? f 4 To 276]'- t^tZT^ 1 ^ 

m ^° nate ( di P hos P h °) decarboxylase ^^) mR^A" " ' H ° m ° S3pienS 

' ^l 45 05288|ref^^ 

po ypeptide 3, skeletal muscle, embryo4 (1^3f« SSi ^ my ° Sm ' heaVy 

gi|11342671|re£INM_002470.1|[11342671] 407:NM'0^7^ »Ho m n, ■ 

polypeptide 6, cardiac muscle, alpha (card tZnS »v 1_ T Sapiens m y° sin > heav y 

^|27764860|refINM_00247U|5 P 77^^ *> "-KNA". 

chain 1 slow a (MLCISA^ mRNA- ^7™^™, 475 ' Homo sapiens myosin light 

NM 0024R7 <* mRNA , gi| 1 7986280 refptfM 002475.2|[17986280V 40Q- 

NM_002487 , Homo sapxens xxecdin homolog (mouse) (NDN), mRNA* 
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»|10800414MNM_002487.2|[10800414]; 410: NM 002492 , "Homo sapiens NADH 
dehydrogenase (ubiquinone)! beta subcomnlex 5 16k> a » "fNTHrro^ T 

pepsin I (NFTX1) ^^14505442^^^^ 

•YSLcS 1 « * ■T"? S ° 1Ute Ca,rier 22 <««•■*> cation transporter) member 18" 

NMWMS ^ ), »So n l Vanant ""^^ ^l 34734074 l^-002555.3Pra'40^20 ' 

punnergic receptor P2X, ligand-gated ion channel 4 nwn SlY" S ■ apiem 

reeepror P2Y, G-proiein coupled, i , ' ^ SmmS 

SSSSrS 2566 • " Homo saptos « 

gi|29029602|refINM 002566.3 |[29029602V 425- NM nnWa »u , , . 

mKNA", g.|4505584|reflNM_002572.1 1[4505584]; 428: NM 0W576 (PAFAH1B2), 
reflNM 002576.3IR27947681- 429- NM 007^87 "h„„ • , 

Ko259r S S^ Vanant '"f^" 101trefINM_002590.2|[l631 10«T^* 

phosphodiesterase 2A, cGMP-stimulated (PDE2A) mRNA" 

Member 1 OBW^^^S^^ 

^°72X«^«]^^S "5^ 

variant 1 (PF4 VmRNA", S^S^&i^^S^SS" * 
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" 1 ?™^ pi ! ns profilin 2 (P™ 2 )* transcript variant 2, mRNA", 

gi|16753216|ref]NM .002628. 2|[ 1675 32 16]; 438: NM.002630 , "Homo sapiens progastricsin 
pepsinogen C) (PGC), mRNA", gi|4505756|reflNM_002630.1 [4505756]S: NM oS 
Homo sapiens solute carrier family 25 (mitochondrial carrier; pLphate^er^ember 3 ' 
(SLC25A3), nuclear gene encoding mitochondrial protein ", "tanscrint variant \h ™rma » 
g i|4505774MNM_002635.1|[4505774 3 ; 440: NM 002639 , ^SSSS^t^S^^ 
Pr ?^ S 0 e 0 ^° r ' Ckde B C™**"**". "member 5 (SERPINB5), nSi" ( * } 
gi|4505788 reflNM_002639.1|[4505788]; 441: NM.002640 , "Home I s^ns serine (or cysteine! 
P ™?T ^ b ^ C ade B ^albumin),", "member 8 (SERPINB8), transcripTv^iSt 1 
^ 50 ^72|reflNM 002640.3|[38504672];442:NM 002641 , "Homo Spans' 
phosphatidyhnositol glycan, class A (paroxysmal nocturnal", "hemoglobinuria) (PIGA) 
tonsenpt variant l, mRNA", gi|11863129|reflNM_002641.1 [11863129] ™X 0^2648 

^5^\^^ 76 . 1}l4SW904}i 447: NM.002692 , "HomVsapiens polymerase (DNA 
directed), epsilon 2 (p59 subunit) (POLE2), mRNA" polymerase ^ujn A 

£ 1 9 89 tr 368 l ref IN M -00 26 92.2|[32189368]; 448: NMM2697 , "Homo sapiens POU domain 

tS^SST^ 1 (P ° U2F1 >'. mRNA "' gi|42476163|reflNM_00 P 2697 2^4247616?]; 
449. NM.002707 , Homo sapiens protein phosphatase 1G (formerly 2Q maenesium 
dependent, gamma", "isoform (PPM1G), transcript variant 2, mRNA' magneslum - 

?hoS a 6 t 283! f f I^ 0027 ^-3j[29826283]; 450: NM.002708 , "Homo sapiens protein 
phosphatase 1, catalytic subunit, alpha isoform (PPP1CA) " mRNA. 
&|31543430|re^002708.2|[31543430]; 451: NM.00 2 Vl5 , "Homo sapiens protein 

&|4506016MNM_002715.1|[4506016]; 452: NM.002728 , "Homo sapiens proteoglycan 2 
™ man T (natUral kilIer cel1 acti vator,", "eosinophil granule major basic proSS SSfiS 
mRNA»,gi)3226l294)reflNM 002728.3|[32261294V 45? NM 002739 *Ho™ ^if ^ • 

pyrophosphate synthetase-assoLted p^t W^SfiSP ^ P^^ 1 

• ""° mo fP ,ens PratMSonw (prosome, macropain) subunit, alpha 4,e 4 
(PSMA4),", mRNA, gi|23110940| re flNM_002789.3|[23 1 109401 460- NM ! 002790 "Ho™ 
«P>ens proteasome (prcsome, macropain) subunit, a pha type S^^ZknI 

(prosome, macropam) subunit, alpha type, 6 (PSMA6) " mRNA ' LC<M,ome 

gi|23110943|reflNM_002791.1|[231 10943]; 462: NM_002795 , "Homo sapiens proteasome 
(prosome, macropam) subunit, beta type, 3 (PSMB3), mRNA" proteasome 
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gi|22538464|ref]NM_002795.2|[22538464]; 463: NM_002799 , "Homo sapiens proteasome 
(prosome, macropam) subunit, beta type, 7 (PSMB7), mRNA" 

gi|23110926|reflNM_002799.2|[23110926]; 464: NM_00280o', "Homo sapiens proteasome 
(prosome, macropam) subunit, beta type, 9 (large", "multifunctional protease 2) (PSMB9} 
5 transcript variant 1, mRNA", gi|23110930|reflNM_002800.3|[231 10930]; 465: NM 002802 
Homo sapiens proteasome (prosome, macropain) 26S subunit, ATPase 1 tPSMCll " mRTsTA 
gi|24430150!reflNM_002802.2|[24430150]; 466: NM_002805 "Homo S ap£m ^prote^ ' 
(prosome, macropain) 26S subunit, ATPase, 5 (PSMCS),", mRNA 

gi|24497434MNM 002805.4|[24497434]; 467: NM_002818 , "Homo sapiens proteasome 
iu (prosome, macropain) activator subunit 2 (PA28 beta)", "(PSME2} mRNA" 

^(30410791|reflNM_002818.2|[30410791]; 468: NM 002821 , "Homo sapiens PTK7 protein 
tyrosine kinase 7 (PTK7), transcript variant PTK7-l,"7mRNA P 
g|27886610|reflNM_002821.3|[27886610]; 469: NM 002826', "Homo sapiens cmiescin 06 
(QSCN6), mRNA", gi|13325074|ref)NM_002826.2|[13325074]; S^sTtSS 
1 3 sapiens protein tyrosine phosphatase, non-receptor type 6 (PTPN6) ", "transcript variant 1 
^A",gi|34328900|re^^^ 

tyrosine phosphatase, non-receptor type 7 (PTPN7),", "transcrip~t variant 1 mRNA" 

oho Shftt 571 ^- 0 ? 832 - 2 ^ S ?5657]; 4?2: ^-° 02833 ' 'H-ollp^tein tyrosine 
20 473 n5 M?M™T Xt ™* 9 ( PTPN9 >' mRNA "' 8Hl8375663|reflNM:002833.2|[18375663]; 
4/j.mm__002837, 'Homo sapiens protein tyrosine phosphatase, receptor tvoe BCPTPRm 

J*H£ ^imsjoOSMNM^T^msTs^O^ 474: NMOO^ S ?5Z£*ta 
tyrosine phosphatase, receptor type, G(PTPRG), mRNA" p 
gi|18860897|reflNM_002841.2|[18860897]; 475: NM_002845 , "Homo sapiens protein tyrosine 

25 S^teSTEr^ M • mRNA "' g i l 18860 903MNM_002845 P 2|[1886?903]; 

7n aiJKs ?2?s ' H m ° Sapiens pr0tem ^sme phosphatase, receptor-type, Z polypeptide 
1", "(PTPRZ1) mRNA", gi|4506328|reflNM_002851.1|[4506328]; 477: NM 002854^'Homo 
STn?^ 1 ^ n,RNA " g i ) 45 06334|reflNM_002854.1][4506334]; 478: 

' Homo sapiens poxvirus receptor-related 2 (herpesvirus entry mediator ET> 

30 ™ 2) ^^ 8i|536 °J 09|re ^ M - 002856 -^^^^ 0^860 Som^'sapiens 

P ^?" 5 ^f b ° Xylate s y nthetase (glutamate gamma-semialdehyde, "synthetase (PYCS) 
mRNA", ^|21361367|reflNM_002860.2|[21361367]; 480: NM_002863 /'Homo sapiens 

P ^xFa M^STf n l Uver (Hers disease ' g l y co g^ storage", "disease type VI) (PYGL) 
mRNA', gil42476165MNM_002863.2I[42476165]; 481: NMJ)02868 , to sapiens 
RAB5B, member RAS oncogene family (RAB5B), mRNA" P 

35 gi|339430971refJOvl_002868.2|[33943097]; 482: NM_002887 , "Homo sapiens arginyl-tRNA 
synthetase (RARS), mRNA", gi|40068503|reflNM_002887.3|[40068503]; 483: NM 002891 
Homo sapiens Ras protein-specific guanine nucleotide-releasing factor 1 "(RASGRF1 1 
tonscript variant 1, mRNA", gi|24797098|reflNM_002891.3|[24797098]; 484: NM 002892 
Homo sapiens AT rich interactive domain 4A (RBPl-like) (ARJD4A) transcritrt" "'variant i 

40 nrR^A", gi|13259496|ref|^ 002892.2|[13259496]; 485: V^^^i^SS^ 

SfSSSS"^ ^ ^ A "' g i l 4506452 MNM_002900.1|[4506452]; 486: 

' m ° Sapiens retlculocal ° i n 1, EF-hand calcium binding domain (RCNO 
mRNA", gi 4506454|re^NM_002901.1|[4506454]; 487: NM 002904 , ^orTsaptensRD RNA 
binding protein (RDBP), mRNA", gi|2063 1983|reflNM_002904.4|[2063 1983]; 488 NM 002912 
45 , "Homo sapiens REV3-like, catalytic subunit of DNA polymerase zeta fveastY' "fl*E\™ A 
mRNA", gi|4506482|reflNM_002912.1][4506482]; M.W^^^i^* 
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replication factor C (activator 1) 4, 37kDa (RFC4), transcript", "variant 1, mRNA" 
||31881681|reflKM _0029163|[31881681]; 490: NMJK^V . "Homo sap^gulatory factor 
X 3 (influences HLA class II expression) (RFX3),", "transcript variant 1 mRNA" 
gi|19743882MNM 002919.2|[19743882]; 491: NM_002921 P , "Homo saStetinal G protein 
coupled receptor (RGR), mRNA", gi|21361328|refINM_002921.2|[21361328]; 492- NM 002923 
, Homo sapiens regulator of G-protein signalling 2, 24kDa (RGS2) mRNA" 

CAlxTm^ ^m^'mRo^^^ 931 NM- 002930 • " Ho ™ sa P^ Ras-like without 
CAAX2 (RIT2),mRNA",g,|4506532|re£lNM_002930.1|[4506532];494:NM 002938 "Homo 
SKEfi fi ^ erpr ° tein4 (^4) mRNA", gi|34305289|refjNM_002938.2r[34305289]; 495: 
K .L Sapi6nS roundabout » ™™ glance receptor, homolog 1 (Drosophila) 

SSaA ^S SCnJ>t Va ^ £mt lj mRNA "' g i l 197 43804|reflNM_002941.2|[197438041; 496: 
MM 002946, Homo sapiens replication protein A2, 32kDa (RPA2") mRNA" 

gi|34147622|reflNM_002946.3|[34147622]; 497: NM 002954 , "Homo sapiens ribosomal 
protein S27a (RPS27A), mRNA", *|27436941|ref1NMJ^ 

, Homo sapiens S 1 00 calcium binding protein A9 (calgranulin B) (S 1 00A9) mRNA" ~ 
gi|9845520 reflNM 002965.2|[9845520]; 499: NM_002966 , "Homo sapiens S^calcium 
binding protein A10 (annexin II ligand, calpactin I,", "light polypeptide <pl IV) CS100A 1 m 
mRNA", gi|4506760MNM_002966J|[4506760]; 500:NM 00296^'Homo ament al'like 1 
Prosophila) (SALL1), mRNA", gi!6997248|reflNk_002968:i|[6997248T?01 S 0029n 
Homo sapiens special AT-rich sequence binding protein 1 (binds to nuclear, "matrixZscaffold- 

JTSEX?^ (SATB1) ' mRNA "' g i l 33356 ^5|reflNM_002971.2| [ 33356nS 
NM_002973 Homo sapiens spinocerebellar ataxia 2 (olivopontocerebellar ataxia 2 

SKK n^o^u' atain 2) mRNA "' g i l 4 506794|ref1NM_002973.1|[4506794]; 

I » H ° m ° Sapiens chemo ^e (C-C motif) ligand 17 (CCL17), mRNA" 
gi|22538801|ref|NM _002987.2|[22538801]; 504: NM_0030of , "Homo sapiens Succinate 
dehydrogenase complex, subunit D, integral membrane", "protein (SDHD), nuclear gene 

" X° nmn m ?°ni° ndrial P ™ tehl ' mRNA "' g i l 4 506864|reflNM_003002.1|[4506864]; 505: 
NM_003025 , "Homo sapiens SH3-domain GRB2-like 1 (SH3GL1) mRNA" 

gi|42476326|reflNM_003025.2|[42476326]; 506: NM.003028 , "Homo sapiens SHE (Src 
homology 2 domain containing) adaptor protein B (SHB) " mRNA 

S^ 41 ^- 0030 '^ 11 ^ 5 °. 6934]; 5 ° 7: N™- 003034 . Homo sapiens sialyltransferase 8A 
( P ™ ^ tylneuraminate:> al Pfta-2,8-sialyltransferase, GD3 synthase) (SIAT8A) mRNA" 
gi 28373095MNM 003034.2|[28373095]; 508: NM.003035 , "Homo sapiens TALl^ ' 
interrupting locus (SIL), mRNA", gi|4506958|reflNM_003035.1|[4506958]; 509: NM 003040 
Homo sapiens solute carrier family 4, anion exchanger, member 2 (erythrocyte", "menibrane ' 

55?££5 1} (SLC4A2) ; mBNA " ^l 21361 550|reflNM_00304^|[2136\55^5^ 

» " v wot Sfl Sapiens soIute carrier famil y 6 (neurotransmitter transporter, GABA) » 
^member 1 (SLC6A1), mRNA", gi|40254466|ref1NM_003042.2|[40254466]f 511:N^03054 
Homo sapiens solute carrier family 18 (vesicular monoamine), member 2 (SLC18A2V' 
^fSl TIT? 4 MNM- 003 054.2|[42476324]; 512: NM.003055 , "Homo sapiens 'solute 
earner family 18 (vesicular acetylcholine), member 3", "(SLC18A3) mRNA" 
g^|4506990|reflNM_003055.1|[4506990]; 513: NM_003058 , "Homo' sapiens s'olute carrier 

^t?} ^ amc catl0n transporter), member 2", "(SLC22A2), transcript variant 1 mRNA" 
^2351041 l|reflNM_003058.2|[2351041 1]; 514: NM 003068 . "HomoX^ail SmoW 2 
Prosophila) (SNAI2), mRNA", gi|24497625|reflNM-003068.3|[244^625 • si 5 N^ 0^3077 
"Homo sapiens SWI/SNF related, matrix associated, actin dependent re gulator of^hTomatin ' 
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™i^£ m ,« ber2 ( SMARCD2 )» «*NA n . gi|21264350|ref]NM_003077.2|[21264350]; 516: 
NM_UU3U92 , Homo sapiens small nuclear ribonucleoprotein polypeptide B" (SNRPB2^ " 
^transcript variant 1, mRNA", gil38149917|reflNM_003092.3|[38149917]; 517: NM 003093 

Homo sapiens small nuclear ribonucleoprotein polypeptide C(SNRPC) mRNA" ~ ' 
gi|4507126|reflNM_003093.1|[4507126]; 518: NM_003096 . "Homo sapiens small nuclear 
^rxmr?^^^ 6 ? GNRSGfcafcNA". gi|21359839)refINM_003096.2|[21359839]; 
519: NM_003115 , "Homo sapiens UDP-N-acteylglucosaminepyrophosphorylase 1 OJAPn 
mRNA", gi|34147515|reflNM_003115.3|[34147515]; 520: Nm!o03132 fSo sapienT 
spermidine synthase (SRM), mRNA", gi|4507208|reflNM_003132.1|[4507208]; 521: 
NM_003134 , Homo sapiens signal recognition particle 14kDa (homologous Alu RNA bindine 

protein) (SRP14), mRNA", gi|31543652|reflNM_003134.2|[31543652]; 522: NM 003135 

Homo sapiens signal recognition particle 19kDa(SRP19) mRNA" ~ ' 

gi|4507212|reflNM_003135.1|[4507212]; 523: NM_003140 , "Homo sapiens sex determining 
region Y (SRY), mRNA", gi|4507224|reflNM_003 140.1|[4507224]; 524: NM 003 141 "Homo 
sapiens Sjogren syndrome antigen Al (52kDa, ribonucleoprotein autoantigen' 7 : "SS-A/Ro) 
(SSA1), mRNA", gi|15208659|ref1NM_003141.2|[15208659]; 525: NM 003149 "Homo 
sapiens src homology three (SH3) and cysteine rich domain (STAC) mRNA" ' 
gi|4507246|reflNM_003149.1|[4507246]; 526: NM_O03150 , Homo sapiens signal transducer 
and activator of transcription 3 (acute-phase, "response factor) (STAT3), transcript variant 2 
mRNA", gi|21618337|ref1NM_003150.2|[21618337]; 527: NMJXS156. "Homo^aZ^mal 
Sl^no 0 ^ 0 1 < STIM1 )' mRNA ", gi|21070996|reflNM_003156.2|[21070996]; 528: 
MM_003159 , Homo sapiens cyclin-dependent kinase-like 5 (CDKL5) mRNA" 
gi|4507280MNM 003159.1|[4507280]; 529: NM_003162 , "Homo sapiens striatin, calmodulin 
binding protein (STRN), mRNA", gi [4507282 MNM_003 1 62. 1 1[4507282]; 530: NM 003 165 

Homo sapiens syntaxin binding protein 1 (STXBP1), mRNA" 

gi|4507296|ref|NM_003165.1|[4507296]; 531: NM_003181 , "Homo sapiens T, brachyury 
homolog (mouse) (T), mRNA", gi|19743811|refINM_003181.2|[19743811]; 532: NM 003184 
Homo sapiens TAF2RNA polymerase II, TATA box binding protein (TOP)-associated", ' 
factor, 150kDa (TAF2), mRNA", gi|20357590|refjNM_003184.2|[20357590]; 533- NM 003186 

xT^TrSi^TJ" 3118861 ™ < TAGLN )' mRNA", gi|12621918|refINM_003186.2|[126219f8]; 534: 
NM_003 192 , "Homo sapiens tubulin-specific chaperone c (TBCC) mRNA" 

gi|45073 ^ f,NM - 003192 1|[4507372]; 535: NM_003194 , "Homo sapiens TATA box binding 
protein (TBP), mRNA", gi|20544178|reflNM_003194.2|[20544178]; 536: NM 003216 , "Homo 
sapiens thyrotrophic embryonic factor (TEF), mRNA", 

gj|34486096|reflNM_003216.2|[34486096]; 537: NM_003223 , Homo sapiens transcription 
tactor AP-4 (activating enhancer binding protein 4), "(TFAP4) mRNA" 
gi|4507446|reflNM_003223.1|[4507446]; 538: NM_003239 , "Homo sapiens transforming 
growth factor, beta 3 (TGFB3), mRNA", gi|4507464|ref]NM_003239.1|[4507464]- 539- 
NM_003245 , "Homo sapiens transglutaminase 3 (E polypeptide,", "protein-glutamine-gamma- 
glutamyltransferase) (TGM3), mRNA", gi|39777600|ref|NM_003245.2|[39777600]; 540: 
NM_003256 , "Homo sapiens tissue inhibitor of metalloproteinase 4 (TIMP4> mRNA" 
g^4507514MNM_003256.1|[4507514]; 541: NMJMbIW , "Homo sa^s inStlar 
adhesion molecule 5, telencephalin (ICAM5), mRNA" 

gi|12545403|reflNM 003259.2|[12545403]; 542: NM.003269 , "Homo sapiens nuclear receptor 

543^^?? m 1 1 ^ E1 )' mRNA ",gi|21361108|reflNM_003269.2|[2136ll08]; 
543. NM_003273 , 'Homo sapiens transmembrane 7 superfamily member 2 (TM7SF2), 
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mRNA', gj)4507546|reflNM_003273.1|[4507546]; 544: NM.003277 , Homo sapiens claudin 5 
(transmembrane protein deleted in velocardiofacial, "syndrome) (CLDN5) mRNA" 
gjP8570041| re flNM_003277.2|[38570041]; 545: NM 003280 /Lmo siSoponin C slow 
CTNNC1) mRNA", gi|4507614|r.eflNM_003280.1|[4507614]; 546: NM <Sl ,m2o sap^ 

ST.9«9 -u 1 ' Sl ° W (TNNI1) ' mRNA "' g i l 213 61554|reflNM_003281.2|[21361554]; 547: 
NM 003282 , Homo sapiens troponin I, skeletal, fast (TNNI2), mRNA" 

Se 2 S?^ 003282 ; 1|[45 ° 76 . 20 3; 5481 NM -°° 3288 • " Hoino sa P^ tumor protein D52- 
SS xS r n^??' ^"P* vanant 5 > mRNA", gil40805859|refINM_003288.2|[408058591: 
549: NM_00329 1 , "Homo sapiens tripeptidyl peptidase II (TPP2), mRNA" 
gi|4507656|reflNM_003291.1|[4507656]; 550: NM.003296 , "Homo sapiens cysteine-rich 
secretory protem 2 (CRISP2), mRNA", gi!4507670|reflNM_003296.1|[4507670]- 551- 

t?^ 00 ? 29 , 8 ' " Homo sa Piens nuclear receptor subfamily 2, group C, member 2 fNR2C2 , » 
mRNA', gi|36950990!reflNM_003298.2|[36950990]; 552: NM.003312 .^Horno sapTens 

^P°5^f te ^^S^f^?^ 68 ^ (TST) ' nuclear 8 ene "' "^coding mitochondrial protein, 
mRNA", gi|34335291|reflNM_003312.4|[34335291]; 553: NM.003314 , "Homo sapiens 

SJ^TSS?!? 1 ^ d ° main 1 (1 ? C1) ' mRNA "'S i l 450 '7710|reflNM_003314.1|[4507710]; 
554 NM_003315 , "Homo sapiens DnaJ (Hsp40) homolog, subfamily C member 7 fDNATP7^ 

S^ 12 l^-0?315.1|[450^l4 555: NM 003323* ^SSjta^So 
sao £ W ^ 2) ' ^ 450 1 7736 l-flNM-003323.1| [ 4507736]; 556: NM ^0332^ Homo 

™ ., m 1Stone cel1 cycle ^S^iion defective homolog A (S., "cerevisiae) (HIRA) 
^ A " V ? i|215 ^ 4 l 4 MNM_003325.3|[21536484]; 557: NM 003328 , "Homo^s TXK 
tyrosine kinase (TXK), mRNA", gi|4507742|ref|NM_003328.l|[45077421; 558: NM 00333 1 
5^^ a nm,%TS e ktaMe . 2 Cr ? 2) ' mRNA "' g i l34222294|reflNM_003331.3|[34222294]; 

(UBA52) ';, mRNA, gi|15451941|ref|NM_003333.2|[15451941]; 560: NM 003334 , Homo 
sapiens ubiquitin-activating enzyme El (A1S9T and BN75 temperature, "sensitivity 
complementing) (UBE1), transcript variant 1 , mRNA", 

gi|23510337|ref^M_003334.2|[23510337]; 561: NM.003341 , "Homo sapiens ubiquitin- 
conjugatmg enzyme E2E 1 (UBC4/5 homolog, yeast)", "(UBE2E1), transcript variant 1 
mRNA', gi|33359692|ref 1 NM_003341.3| [ 33359692]; 562: NM 0033^5^ 
ubiquitm-conjugating enzyme E2 variant 2 (UBE2V2), mRNA" 

gi|12025664|refINM 003350.2|[12025664]; 563: NM_003369 , "Homo sapiens UV radiation 
SS 8 Sf^r»S gene (UVRAG), mRNA", gil21687211|ref]NM_003369.2|[21687211]; 564: 
MM_003374 , Homo sapiens voltage-dependent anion channel 1 (VDACl) mRNA" 
gi|4507878|reflNM L003374.1|[4507878]; 565: NM_003375 , "Homo sapiens voltage-dependent 

S^iSSS? IS™^' mRNA "' g i l 42 476280MNM_003375.2|[42476280]; 566: ? 
W K;i 3 , > j* omo sapiens very low density lipoprotein receptor (VLDLR), mRNA" 
gi|40254472|ref!NM 003383.2|[40254472]; 567: NM_003389 , "Homo sapiens coronin,' actin 
binding protein, 2A (COR02A), transcript variant 1,", mRNA 

gi!^4582|re£lNM 003389 2|[16554582]; 568: NM_00339l', "Homo sapiens wingless-type 
MMTV integration site family member 2 (WNT2), mRNA" 

gi|4507926|refINM_003391.1|[4507926]; 569: NM_003399* "Homo sapiens X-prolyl 
ammopeptidase (aminopeptidase P) 2, membrane-bound", "(XPNPEP2 , > mRNA " 

^^^^'^f^^ 12 ^ 5?0: ^03400 , "Homo sapSife^portin 1 
S^L,°^° yeaSt) ^ XP ° 1) ' mRNA "' gi|8051634|re£INM 003400.2|[805 16341; 571: 
NM_003404 , Homo sapiens tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 
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activation, "protein, beta polypeptide (YWHAB), transcript variant 1 m*M A »■ 

^^^^^ 

gi|22547199 reflNM_003413.2|[22547199]i 576- NM 003418 H^t. - ■ « 
9 (a cellular retroviral nueleie acid binding 1 "rote^S ^T- '"P"** aa0 

«-|4827070|reqNM_003418.1|[4827070];577'NM 0034Tl »S™Tw ■ « 

light intermediate polypeptide! SS^' Homo saprens dynem, axonemal, 

adapto molecule *SH3 dom JL fiSS^Sj 'mS?A» aP,OTS "S^' tanSdUCtag 
gi|21265027ref|NM 003473.2|[21265027V 585- NM OOTasi^ ■ ,. 

"ESSST X 0pen ~*« *— 1 2 (cS) mW^A" -° 03492 ' H ° m ° ^ 
giH5(M738MNM 003492.1|[45047381- 588-NM 003UO"; • ..• 

sapiens axm 1 (AXINl), transcript variant 1, mRNA" ~ 

g!U9743828|reflNM 003 529.2|[ 19743 828V Wlmmr™ m 1 ■ v 
(HIST1H3E), mRNA", gil212645oo«!oM5^ %S&g£ffi££? 

STo 35 37 e .i 8311 1^™- lnRNA ". 81115718725^ 0035^157 8725^. 
JNM_003538 , "Homo sapiens histone 1, H4a (HIST1H4A , > mRTsTA"" J ' 

g.pil66390MNM_003538.3|[2U66390]; 597:™ O^f^omo sapiens 

receptor, family 1, subfamily E, member 1 (OR1E1), mRNA^ ' P ° ,&C,0ry 
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gilll496274|ref|NM_003553.1|[l 1496274]; 600: NM_003554 , "Homo sapiens olfactory 
receptor, family 1, subfamily E, member 2 (OR1E2), mRNA", 

gi|l 1386152|reflNM_003554.1|[l 1386152]; 601: NM_003581 , "Homo sapiens NCK adaptor 
protein 2 (NCK2), mRNA", gi|4505346|ref|NM_003581.1|[4505346]; 602: NM_003582 , Homo 
5 sapiens dual-specificity tyrosine-(Y)-phosphorylation regulated kinase 3, "(DYRK3) mRNA" 
gi|4503428|reflNM_003582.1|[4503428]; 603: NM_003585 , "Homo sapiens double C2-like ' 
domains, beta (DOC2B), mRNA", gi|6005996|reflNM_003585.1|[6005996]; 604: NM 003587 
"Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 1 6 (DHX1 6), mRNA" ~ 
gi|21237727|ref|NM_003587.3|[21237727]; 605: NM_003592 , "Homo sapiens cullin 1 (CUL1) 

10 mRNA", gi|32307160|reflNM_003592.2|[32307160]; 606: NM_003594 , "Homo sapiens 
transcription termination factor, RNA polymerase II (TTF2), mRNA" 
gi|40807470|ref]NM_003594.3|[40807470]; 607: NM_003608 , "Homo sapiens G protein- 
coupled receptor 65 (GPR65), mRNA", gi|33695103|ref|NM_003608.2|[33695103]; 608: 
NM_003611 , "Homo sapiens oral-facial-digital syndrome 1 (OFD1) mRNA" 

15 g4503178|reflNM_00361U][4503178];609:^ 

(GALR3), mRNA", gi|4503906|reflNM_003614.1|[4503906]; 610: NM_003618 , "Homo sapiens 
mitogen-activated protein kinase kinase kinase kinase 3 (MAP4K3)," mRNA 
gi|15451901|ref|NM_003618.2|[15451901]; 611: NM_003625 , "Homo sapiens protein tyrosine 

™ ??^ hataSe> rece P tor type* f polypeptide (PTPRF),", "interacting protein (liprin), alpha 2 

20 (PPFIA2), mRNA", gi|29171754|ref|NM_003625.2|[29171754]; 612: W 003627 , "Homo 
sapiens solute carrier family 43, member 1 (SLC43A1), mRNA" 

gi|42476323|reflNM_003627.4|[42476323]; 613: NM_003632 , "Homo sapiens contactin 
associated protein 1 (CNTNAP1), mRNA", gi|4505462|rei]NMJ)03632.1|[4S05462]; 614: 
NM_003635 , "Homo sapiens N-deacetylase/N-sulfotransferase (heparan glucosaminyl) 2 

25 (NDST2),", mRNA, gi]31377809|reflNM_003635.2|[3 1377809]; 615: NM_003642 , "Homo 

sapiens histone acetyltransferase 1 (HAT1), mRNA", gi|4504340|ref)NM_003642.1|[4504340]; 
616: NM_003646 , "Homo sapiens diacylglycerol kinase, zeta 104kDa (DGKZ) transcript 
variant 2,", mRNA, gi|41872506|reflNM_003646.2|[41872506]; 617: NM_003648 , "Homo 
sapiens diacylglycerol kinase, delta 130kDa (DGKD), transcript variant 1," mRNA 

30 gi|25777595|ref]NM_003648.2|[25777595]; 618: NM 0036S3 , Homo sapiens COP9 constitutive 
photomorphogemc homolog subunit 3 (Arabidopsis), "(COPS3), mRNA" 
gi|23238221|reflNM_003653.2|[23238221]; 619: NM 003654 , "Homo sapiens carbohydrate 
(keratan sulfate Gal-6) sulfotransferase 1 (CHST1),", mRNA 

gi|31542307|reflNM_003654.2|[31542307]; 620: NM_003655 , "Homo sapiens chromobox 

35 homolog 4 (Pc class homolog, Drosophila) (CBX4), mRNA", 

giK502602|reflNM_003655.1|[4502602]; 621: NM_003656 , "Homo sapiens 
calcium/calmodulin-dependent protein kinase I (CAMK1), mRNA" 
gi|21536281|reflNM_003656.3|[21536281]; 622: NM_003658 , "Homo sapiens BarH-like 
homeobox 2 (BARX2), mRNA", gi|21536440|reflNM_003658.3|[21536440]; 623: NM 003669 

40 ' Homo sapiens mactivation escape 1 (INE1), mRNA", gi|4504692|ref|NM_003669. 1 1[4504692] •' 
624: NM_003 680 , "Homo sapiens tyrosyl-tRNA synthetase (YARS), mRNA" ' 
gi|38202242|refINM_003680.2|[38202242]; 625: NM.003684 , "Homo sapiens MAP kinase- 
mteractmg serine/threonine kinase 1 (MKNK1), mRNA" 

a. g 3 1147650|reflNM_003684.3|[34147650]; 626: NM_003686 , "Homo sapiens exonuclease 1 

45 (EXO 1), transcript variant 3, mRNA", gi|39995068|reflNM_003686.3 1[39995068]; 627: 
NM_003691 , "Homo sapiens serine/threonine kinase 16 (STK16), mRNA", 



-284- 



WO 2005/003766 



PCT/US2004/019017 



gj|4505836|ref|NM -00369 1.1|[4505836]; 628: NM.003693 , "Homo sapiens scavenger receptor 
class F, member 1 (SCARF1), transcript variant", "1, mRNA" receptor 

gP35989M|^_(W3^^3 5989283; 629: NM.003710, "Homo sapiens serine protease 
inhibitor, Kumtz type 1 (SPINT1), transcript", "variant 2 mRNA" 

gi|32313604|reflNM_003710.2|[32313604]; 630: NM.003721 , "Homo sapiens regulatory factor 
^JSSSS an Jyn n - contaimn g P^tem (RFXANK),", "transcript variant 1, mRNA", 
gi|19924154|ref|NM_003721.2|[19924154]; 631: NM_003729 , "Homo sap/ens RNA terminal 
£t a ^t y S e d ° mam 1 ^ TCD1 )> mRN ^"> gi|4506588|reflNM_003729.1|[4506588]; 632: 
•ms2S,:. '^° m ° Sapiens S i°SX Qn ' s syndrome nuclear autoantigen 1 (SSNA1) mRNA" 

24 ^ r 003731.1|[4505324]; 633: NM.003733 , "Homo sapiens 2'-5'-o^oadenylate 
synthetase-hke (OASL), transcript variant 1,", mRNA, 

gi|38016933|ref|NM 003733.2|[38016933]; 634: NM_003753 , "Homo sapiens eukaryotic 
translation initiation factor 3, subunit 7 zeta,", "66/67kDa (EIF3S7) mRNA" 
gi|23238220|reflNM 003753.2|[23238220]; 635: NM_003755 , "Homo sapiens eukaryotic 
translation initiation factor 3, subunit 4 delta, 44kDa", "(EIF3S4) mRNA" 
g|4503516|reflNM_003755.1|[4503516]; 636: NM_003756 , "Homo sapiens eukaryotic 
translation initiation factor 3, subunit 3 gamma, 40kDa", "(EIF3S3) mRNA" 
gi|4503514|ref|NM_003756.1|[4503514]; 637: NM.003757 , "Homo sapiens 'eukaryotic 
translation initiation factor 3 , subunit 2 beta, 36kDa", "(EIF3 S2) mRNA" 

^^ 2] ^^-^- lli4 ? 03512 ^ 638: NM-003764 , "Homo sapiens syntaxin 11 
(STX11), mRNA", gi|33667037|ref)NM_003764.2|[33667037]; 639: NM 003765 "Homo 

S^SSS^H} 0 (STX10) ' mKNA "' S i l 45072 84|reflNM_003765.1|[4507284]; 640: 
NM_003771 , 'Homo sapiens keratin, hair, acidic, 6 (KRTHA6), mRNA" 

gi|6678648|reflNM_003771.3|[6678648]; 641: NM.003773 , "Homo sapiens 
hyaluronoglucosaminidase 2 (HYAL2), transcript variant 1 mRNA" 

gi|15022800|reflNM_003773.2|[15022800]; 642: NM_003776 , "Homo sapiens mitochondrial 

i^l^T™ ^L 40 ). gene encoding", "mitochondrial protein, 

gi|26638658 ref]NM_003776.2|[26638658]; 643: NM_003802 , "Homo sapiens n^oXheavy 
iffiiS? ™«V? mUSCle W™ 13 )' "RNA", gi|l 1321578MNM 003802.1|[1 1321578]; 
cri^r^fj ' HOm ° S T ens 11X1X101 necrosis f actor (ligand) superfamily, member 14 
22wo?; ' ^ ariSCn ^ vanant mRNA", gi|25952143|reflNM_003807.2|[259521431; 645- 
SrsSri « ' Z 2 ? f P ^ S a disinte g rin and metalloproteinase domain 15 (metargidin), 
(ADAM 15), mRNA", gi|11497001|ref]NM_003815.2|[l 1497001]; 646: NM 003816 Homo 
8 TSfii n 255 nn and metall °P rot einase domain 9 (meltrin gamma), "(ADAM9), mRNA" 

^ 9 ii^^ 81 /' 1 S 5 ; i91 ? S 64?: ^-O 03819 • "Homo sapiens pd&Sii 
protem, cytoplasmic 4 (inducible form) (PABPC4),", mRNA 

gi|6552335|reflNM 003819.2|[6552335]; 648: NM_003836 .'"Homo sapiens delta-like 1 
homolog (Drosophila) (DLKl), mRNA", gi|34147651|reflNM 003836.3|[3414765n- 649- 
Tr«i 843 , ' l Hom ° SapienS Sciellin < SCEL )> Variant 1, mRNA", 

#M "Tr 3 f T 5]: 65 ° : NM -°°3849 , "Homo sapiens succinate-CoA 
ligase, GDP-forming, alpha subunit (SUCLG1), mRNA" 

gi|11321580|reflNM 003849.1|[l 1321580]; 651: NM_003859 , "Homo sapiens dolichyl- 
P M?^™ maim ° Syltransferase P ol yP e P«de 1, catalytic", "subunit (DPMI), mRNA" 
gi|4503362IreflNM_003859.1|[4503362]; 652: NM_003860 , "Homo sapiens barrier to 
STSSS 0 "-?** ^ANFl), mRNA", gi|11038645MNM_003860.2|[11038645]; 653: 
NM_003863 , "Homo sapiens dolichyl-phosphate mannosyltransferase polypeptide 2 
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regulatory", "subunit (DPM2), transcript variant 1, mRNA" 

gi|24497593MNM_003863.2|[24497593]; 654: NM_003875 . "Homo sapiens guanine 

^ P nm S Sr.f^ etaSe . (GMPSX S*K504034M|NM 003875.1 1[45040341: 655- 

NM 003890 , "Homo sapiens Fc fragment of IgG binding protein (FCGBP) mRNA" 
gi|4503680|reflNM_003890.1|[4503680]; 656: NM 0039?f "So saZns ?£?Ll ♦ ■ 
259(ZNF259)n^^^ 

NM_003917 , Homo sapiens adaptor-related protein complex 1, gamma 2 subunit (AP1G2) » 
Wcnpt variant 1 mRNA", gi|18104994|ref]NM_00391?.2|[18104994]; 659^1 003^23 ' 

660. NM_003924 , "Homo sapiens paired-like homeobox 2b (PHOX2B) mRNA" 
gi|l2707579^e£lNM_003924.2|[12707579]; 661: NM 003931 , SoSwks protein 
(WASF1X mRNA "' ^l 4507 912|refNM_003931.1|[4507 P 9^; 662: ' 
15 S$£SS?J ' ?S° S -£ l ^ 1 C J^ _dependent kinase 5 > "ffdatocy subunit 2 0)39) 
15 (CDK5R2)," mRNA, gi|42741664|ref]NM_003936.3|[42741664]; 663: NM 003943 "Homo 

TkC; ' Homo sa P iens nbosomal protein S6 kinase, 70kDa oolvoentide 7 CRV^wnK 

mRNA"^ gi|4506738|reflNM_003952.1|[45067383; 665: NM 003957 , SfsanSns } ' 

20 N^oS^^ 

Sen^AF^A ™1 ? 133 ^^5°3 96 9.2|[37577133]; 667: NM_00397 2 S iomo 
sapiens BTAF1 RNA polymerase II, B-TFIID transcription factor-associated," "170kDa fMotl 

wtf^T*^ (BTAF ^ n f NA "' ^l 2747706 ^^^ 
NM_003975 , Homo sapiens SH2 domain protein 2A (SH2D2A) mRNA" 

25 gH31543620MNM_003975.2|[31543620]; 669: NM 00397T,"Ho^ A pi'ens aryl hydrocarbon 

NM 003999 , "Homo sapiens oncostatin M receptor (OSMR), mRNA" 
gi|4557039|reflNM_003999.1|[4557039]; 671: NM.004037 , "Homo sapiens adenosine 
monophosphate deaminase 2 (isoform L) (AMPD2) mRNA" 
30 gi|22507370|refINM_004037.5|[22507370]; 672: NM_004047 , "Homo sapiens ATPase H+ 
transporting, lysosomal 2 lkDa, V0 subunit c" (ATP6V0B) " mRNA A ^ as f> 
gi|19913434|reflNM_004047.2|[19913434]; 673:NM_004054 , "Homo sapiens complement 

™ P nn^ 3a ^ CePt0rl ( C3AR1 )' mR NA",gi l 21314629|reflNM 004054 P 2 |[213H629V 6^4- 
NM_004055, "Homo sapiens calpain 5 (CAPN5), mRNA" ~ J ' 
35 gi|37577156|reflNM_004055.3|[37577156]; 675: NM 004064 , "Homo sapiens cyclin-dependent 
kinase inhibitor IB (p27, Kipl) (CDKN1B), mRNA", dependent 

f (1 7 978497MNM 004064.2|[17978497]; 676: NM_004073 , "Homo sapiens polo-like kinase 
3 (Drosophila) (PLK3), mRNA", gil41872373|reflNM_004073.2|[418723733; 677: NM OoTo74 
Homo sapiens cytochrome c oxidase subunit VHI (COX8) mRNA" ~ ' 

40 pK758043 teflNM_004074.1|[4758043]; 678: NM.004078 , "Homo'sapiens cysteine and 

^^ot^ 111 1 (CSRP1) ^f! A "' g i l 4758 °85^flNM_004078.1|[47580 y 85]; 679: 
NM_004083 , "Homo sapiens DNA-damage-inducible transcript 3 CDDIT3} mRNA" 

gi|34147657|reflNM_004083.3|[34147657];680:NM 004100 /'HomoSp ^^absem 
homolog 4 (Drosophila) (EYA4), transcript variant 1,", mRNA 

fJ 6 ^ 4 S re f^- 004100 ^IC26667248]; 681: NM_004106 "Homo sapiens Fc fragment of 
IgE, high affinity I, receptor for; gamma", "polypeptide (FCER1G), mRNA", 
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NM_0041 10 , Homo sapiens ferredoxin reductase (FDXIO nuclear"™*.. ^ZX 1, 
mitochondrial", "protein, transcript variant 2, mRNA" * dmg 

5 gi|13435351|reflNM_004110.2|[13435351]; 684- NM 004114 »H nmnM n' «u 

factor 1^ rpmriTv <7„„ -x • ^ / J «w_uwii4 , Homo sapiens fibroblast growth 

685 NM Sis' »^ Pt Vanan * 1 A » "^A". giU6306544|ref]NM 0041 14.2|[163065441 
085 . NM_004 115, "Homo sapiens fibroblast growth factor 1 4 nrrw 1 a\ *™ ! D - > . uo - > 7^J » 

mRNA", gi|28872754|reflNM 0041 15 2lr?8S^S? *S l™ ^?? } ' transcn P t van£u * L 

nucleotide blading protein (G protein), Scffrff ' SaP ' eM gUanil ' e 

gt!21361096|rerlNM 004125.2|[213610961-689 NM^?97^^ • „ 

15 c» r ^r {GPsi) ' ^ ^gfflss sssissns? 

gi|24041015|reflNM 004182.2l[240410151-695-NM nn4i«» «tr 

35 gi 22538449MNM 004204 2|[225384491. 701 NM 0?1S7? ^ ' • 

factor (acidic) intracellular iJSKS' H ° m ° f P lens fibroblast STOW* 
gi|38683847|ref]NM 004214^868^- 7^*553? TE"* % 

sapiens pituitary tumor-transforming 1 (PTTG1) mRNA" NM_U04219 , Homo 

40 gi|11038651|ref|>^_004219.2|[^ „ Hftmo . .. 

conjugating enzyme E2L 6 (UBE2L6), transcripi varilnU ^7 
gi|38157980|refINM 004223.3|[381579801- 705- nKwHt • ^ 

Ste 5 ° lGPR50) ' ^^^^^^^ 
pleckstnn homology, Sec7 and coiled-coil domains 3 (PSCD3)7mRNA"' * 
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S , l 39 1 6 fil re£,N ? I - 004227 ' 3|[33946275 ^ 708: NM_004233 , "Homo sapiens CD83 antigen 
^activated B lymphocytes, immunoglobulin superfamily)", "(CD83") mRNA" 

gi|24475618|reflNM_004233.2|[24475618] ; 709: NM 004237 , "Hom^piens thyroid hormone 
ItnS^i^ 13 ^ mRNA "' gi|20149561|reflNM 004237.2|f2o!4S6^ 710 
iSf? *k ' "f^-^S-HPOSWSXB], Tms record waslempo rarily removed by RefSeq 
staff for additional review., ,711: NM.004257 , "Homo sapiens transforming growm factor beta 
receptor associated protein 1", "(TGFBRAP1) mRNA" ' 

f? 4 ™!!^ 71 ' 2: ^ 004260 , "Homo sapiens RecQ protein 

like 4 (RECQL4), mRNA", gi|4759029|ref)NMj)0426ai|[4759029J; 713?NM 00^61 
sapiens 15 kDa selenoprotein (SEP 15), transcript variant 1 mRNA" 1NM - UU4261 » Hoi »o 
gil42741647|ref|NM_004261.3|[42741647]; 714: NM 004267 , "Homo sapiens carbohvdrate fN 
acetylglucosamine-6-O) sulfotransferase 2 (CHST2) ,r mRNA carbohydrate (N- 

gi|27369496|ref]NM 004267.2|[273694961- 715- NM 004272' "H™™ ca „w v. 

NM 004281 , "Homo sapiens BCL2-associated athanogene 3 (BAG3) mRNA" 

IXe 2 ]^ 717: ^04285 , "Homo^et hexose-6- 

phosphate dehydrogenase (glucose 1 -dehydrogenase) (H6PD)," mRNA 

^4758497^ef1NM_004285.1|[4758497]; 718: NM_004294 /"Homo salens mitochondrial 

72^NM^1^^ 
unV^ , 3 4 ' H ° m ° saplens ADP-ribosyltransferase 1 (ART1), mRNA" 

BU fSS TS 004314 ' ™ 83 * 721: NM_004330 , "Homo sap^sl BCL2/adenovirus 

722 ^^^r tem - mTP2) > mRNA "' g i l 475 7855|reflNM:004330.1|[475785T 
/S^V^? 4339 ' Homo sa P lens P itui tary tumor-transforming 1 interactine nrotein 
(PTTG1IP), mRNA", gi| 1 1038670|ref]NM_004339.2|[l 1038670]; 723 S O0S4T "Homo 
sapiens carWoyl-phosphate synthetase 2, aspartate transcarbamylase, andV'dlhydroorXe 
(CAD), mRNA", gi)18105006|refjNM 004341.2|[18105006]- 724 NM 004344 SZ ZL 

NM_004346, Homo sapiens caspase 3, apoptosis-related cysteine protease (CASP3) 

nn^U V ^ nt aIpha ' mRNA "' ^1147901 18|ref)NM_004346.2|[147901 18]- 726 
N ^ °°4356 , Homo sapiens CD81 antigen (target of antiproliferative antibodv V) fCDSn 

Sm 004S ftn^T? ^TV' mRNA • g i l 343289 13MNM_004357.3|[34328913]; 728: 

cycle 34 (CDC34), mRNA", ^16357476^^^^^^^ 
Homo sapiens centrin, EF-hand protein, 3 (CDC31 homolog, yeast) (CETN3^ mRNA" ' 

chemokine (C-C motif) receptor 6 CCR6), transcript v^an U mR^" ? ' ^ WpWM 
gi|37187859|reflNM 004367.3|[37187859]; 733: NM 004?74 St sapiens cytochrome c 

gi 4758077|reflNM_004383.1|[4758077]; 735: NM_004396 , "Homo sapiens DEAD (Asp-Glu 
Ala-Asp) box polypeptide 5 (DDX5), mRNA", gi|13514826|ref]NM_00439l ^.2|[1 35^4^736: 
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NMJ)04398 , "Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 10 fDDXl m 

fragmentation factor, 45kDa, alpha polypeptide (DFFA) mRNA" 
g|4758147|reflNM_004401.1|[4758147]; 738: NM.004402 . "Homo sapiens DNA 

mS^S^JSJ? 1 ' 40kDa * beta Poiypeptide", "(caspase-activated DNase) (DFFB) mRNA" 
gi|4758149|re£lNM_004402.1|[4758149]; 739: NM_004411 , "Homo sapiens dyne^ ' 
cytoplasmic, intermediate polypeptide 1 (DNCI1) mRNA" 

mtl? 17 p]^ 740: NM-004415 , "Homo sapiens desmoplakin 

10 } ' ' fl 47 58199irefglM_004415.1j[4758199]; 741: NM 004418 , "Homo sapiens 

742 °^ 2 ^ US / 2 ?' m ^ A "' g i l 1270 7563MNM_0044l8.2|[12707 ? 563 ; 

M 2 ;S^r?, i ° ' Homo sapiens dual sP^ficity phosphatase 8 (DUSP8), mRNA" 
f K758211 reflNM_004420.1|[4758211]; 743: NM 004426 , "Homo sapiens^oWhomeotic-like 

(Drosophila) (PHC1), mRNA", gi|11038623|ref]NMJ)04426.1^ 

Homo sapiens polyhomeotic-like 2 (Drosophila) (PHC2), transcript variant 2 mRNA" ' 
15 gi|37595529|reflNM ,004427. 2|[3 7595 529]; 745: NM.004432 , "hLo saS^V ' 

(embryonic lethal, abnormal vision, Drosophila)-like 2 (Hu", "antigen (ELAVIL mRNA" 

mRNA" gl |32967315|refINM_004438.2|[32967315l; 747: nW 004445 P s ^om^piens EtfB6 
(EPHB6) fflRNA- git4758291|refINM_004445.1| [ 4758291]; 748: NM 004 W , "Homo «S£ 
20 epidermal growth factor receptor pathway substrate 8 (EPS 8) mRNA"~ 

gi|34222299|reflNM_004447.3|[34222299]; 749: NM.004450 , "Homo sapiens enhancer of 

^oSTn^ °i (Dr0S ° Phlla) CBRB ^ mRNA "' PK758301MINM 004450. 1|[4758301]; 
750. NM 004456 , "Homo sapiens enhancer of zeste homolog 2 (Drosophila) (EZH2) transcriot 
variant", 1, mRNA", gi|23510382MNM_004456.3|[23510382] 751: NM 00^66 "Homo 

NM 004469 , Homo sapiens c-fos induced growth factor (vascular endothelial growth factor m 
2« yl^924 2 97|reflNM_004469.2| [ 19924i97]; 753: N^ OO^O^omo ^ 
sapiens FK506 binding protein 2, 13kDa (FKBP2), transcript variant 1 mRNA" 
30 14 ^41|ref1NM_.004470. 2 |[17149841]; 754: NM_004473 , Si o ^ forkhead box El 

75?™ Z^T^ 0 ' 2) • (FOXE1) ' mRNA "' gi|21618324MNM 004473.3|[21618324]; 
755: NM_004474 , "Homo sapiens forkhead box D2 (FOXD2) mRNA"" 

Sfff^ 11 ?^ 756: NM- 0044 ^ . "Homo sap'iens focosyltransferase 
8 (alpha (1,6) fucosyltransferase) (FUT8),", "transcript variant 4, mRNA" 

35 K^-^ PM1W211; ?57: NM -004485 , "Homo sapiens guanine 
35 nucleotide binding protein (G protein), gamma 4 (GNG4)," mRNA 

gi|21314630|reflNM_004485.2|[21314630]; 758: NM_004487 , "Homo sapiens golgi 
a T^. 8en uSo gm . S , Ubfamily b ' macr °g ol gm (with", "transmembrane signal), 1 (GOLGBtt 
mRNA", gi]4758453|reflNM_004487.1|[4758453]; 759: NM_004490 , "Homo sapYensSh 

40 ^^To^T^ 0 ^ 14 (GRB14) 1 ' mRNA "' g i l 47 58477|ref]NM_004490 P H [ 475^ 
^tT^-^m™ ' ?* 0m0 SapienS general inscription factor IIA, 2 (12kD subun it) (GTF2A2) 
^ A ^ 47 A 5 ? 485 MNM_004492.1|[4758485]; 761: NM 004496 "Homo salens foSead' 
box Al (FOXA1), mRNA", gi|24497500|ref]NM_004496.2|[244975o6]; 76?: NM 004498 
Homo sapiens one cut domain, family member 1 (ONECUTn mRNA" 
gi|24307886MNM_004498.1|[24307886]; 763: NM 004499 '"Homo sapiens heterogeneous 
45 nuclear nbonucleoprotein A/B (HNRPAB), transcript", "variant 2, mRNA." neter ° geneOUS 
8H14110401|reflNM_004499.2|[14110401]; 764: NM 004503 , 4o^Uns homeo box C6 
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(HOXC6), transcript variant 1, mRNA", gi|24497542|ref|NM_004503.2|[24497542V 765- 
N ^°„ ! 2, "Homo sapiens interleukin 11 receptor, alpha (IL11RA), transcript variant 1 
mRNA", gi|22212920|reflNM_004512.3|[22212920]; 766: NM_004524 . "Homo sap™ lethal 
giant larvae homolog 2 (Drosophila) (LLGL2), mRNA" 

gi|4758679|ref|NM_004524.1|[4758679]; 767: NM_004525 , "Homo sapiens low density 

l ate<iprotein2 (LRP2), mRNA", gi|6806918|ref|NM_004525.1|[6806918]; 768- 
I \ Homo sapiens mesenchyme homeo box 1 (MEOX1), transcript variant L 
mRNA", gi 21396477|ref]NM_004527.2|[21396477J; 769: NM 004528 , "Homo sapiens" 
microsomal glutathione S-transferase 3 (MGST3), mRNA" 

gi|22035640|reflNM_004528.2|[22035640]; 770: NM_004540 , "Homo sapiens neural cell 
adhesion molecule 2 (NCAM2), mRNA", gi|33519480|ref)NM_004540.2|[33S19480V 771- 
Srr? 0 ^l H A T O S T eUS NADH "Vtogmwo (ubiquinone) 1 alpha subcomplex, 3,' 
9kDa", "(NDUFA3), mRNA", gi|4758771|ref|NM_004542.1|[4758771]; 772: NM 004543 
Homo sapiens nebulin (NEB), mRNA", gi|84007 1 6|reflNM_004543.2|[84007 1 6P773 • ' 

iSfr^ 550 ' " H ° m ° Sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 2 49ki>a" 
(NADH-coenzyme Q reductase) (NDUFS2), mRNA" 

gi|34147556|ref|NM_004550.3|[34147556]; 774:NM_004551 , "Homo sapiens NADH 

S^°o g ,T aS l& b ^ uin , 0ne) Fe " S protein 3 ' 30kDa "' "(NADH-coenzyme Q reductase) 
(NDUFS3), mRNA", gi|4758787iref]NM_004551.1|[4758787]; 775: NM_004552 , "Homo 
sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 5, 15kDa", "(NADH-coenzyme Q 
reductase) (NDUFSS), mRNA", gi|4758789|reflNM_004552.1|[4758789]; 776: NM 004561 
Homo sapiens ovo-like 1 (Drosophila) (OVOL1), mRNA" 

gig8570157|ref]NM _004561.2|[38570157]; 777: NM_004567 , "Homo sapiens 6-phosphofructo- 
2-kmase/fructose-2,6-biphosphatase 4 (PFKFB4) " mRNA 

gi|19923257|reflNM_004567.2|[19923257]; 778: NM_004568 , "Homo sapiens serine (or 
cysteine) proteinase inhibitor, clade B (ovalbumin),", "member 6 (SERPEN) mRNA" 
gi|41152085|ref1NM_004568.4|[41 152085]; 779: NM 004569 , "Homo salens ' 
phosphatidylinositol glycan, class H (PIGH), mRNA" 

gi|24430187|refINM_004569.2|[24430187]; 780: NMJ)04575 , "Homo sapiens POU domain, 

S^i^S a SS° a ■ 2 ^ OU4F2 )> "KNA". giK758947|refINM_004575.1|[47589471; 781- 
^rSStJ. 9 ' H ° m ° Sapiens mit °gen-activated protein kinase kinase kinase kinase 2 
(MAP4K2),", mRNA, gi|22035599|ref]NM_004579.2|[22035599]; 782: NM 004581 "Homo 
sapiens Rab geranylgeranyltransferase, alpha subunit (RABGGTA), transcript" "variant 2 
mRNA", gi|33469948|reflNM_004581.2|[33469948]; 783: NM_004584 , "Homo sapiens RAD9 
S?°nnL^i S '„?? Inbe) ( RAD9A )» mRNA", gi|19924112|reflNM_004584.2|[19924112]: 784- 
rSr T1 „ , ' Homo sapiens ribos omal protein S6 kinase, 90kDa, polypeptide 3 (RPS6KA3> 
mRNA", gi|4759049|reflNM_004586.1|[4759049]; 785: NMJ304597 ,ZLo sapiens 
n Molf. ar f lb °? Ucle0pr0tein D2 P ol yP e Pti d e 16.5kDa (SNRPD2),", "transcript variant 1 mRNA" 
? P ^ n 2 M N MJ)04597.4|[29294622]; 786: NM 004604 "Homo sapiens s^taxm^ ' 
(placental) (STX4A), mRNA", gi|34147603MNM_004604.3|[34147603]; 787- NM 004609 
Homo sapiens transcription factor 15 (basic helix-loop-helix) (TCF15) mRNA" ~ 
gi|38505157|reflNM_004609.2|[38505157]; 788: NM.004612 , "Homo sapiens tnmsforming 
8I SS? ,; ^ feCept0r 1 (aCtivin A rece P tor "> "type H-like kinase, 53kDa) (TGFBRD 
mRNA", gi|4759225|reflNM_004612.1|[4759225]; 789: NM 004619 , "Homo sapiens TNF 
receptor-associated factor 5 (TRAF5), transcript variant 1 " mRNA " 
gi|22027625|ref]NM_004619.2|[22027625]; 790: NM_004620 , "Homo sapiens TNF receptor- 
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associated factor 6 (TRAF6), transcript variant 2 " mRNA 

g^7628|re^ 004620 2|[22027628]; 79!: NM 004626 , "Homo sapiens wingless-type 
MMTV mtegratxon site family, member 1 1 (WNT1 1) mRNA" 8 iype 

gi|17017973|ref]NM 004626.2I[170179731- 792- NM' 00465^? '"Wnrn^ec.™ t •• *^ . , 
5 interactive domain ID (RBP2-like) (J ARID ID) mRNA" ' * AT DCh 

£33356559|reflNM 004653 2|[33356559]; 793: NM.004656 , Homo sapiens BRCA1 

(C. elegans) (LlUl, n^RNA^^ A 

T^TnS 11 ^ amn 1 (VNN1) ' mRNA "» 8 i l 4 7593llMNM 004666. 1|[47593^. 796 ' 
NM_004667 , "Homo sapiens hect domain and RLD 2 (HERC2) mRNA" 

p|5729867|reflNM 004667.2|[5729867]; 797: NM 004^9 ^omoTapie'ns chloride 

15 W°17 ' • H f f 0 ST? m l to S en - activat *i Protein kinase kinase kinase 6 (MAP3K6) " 
15 Janscnptvanant l mRNA",gi|24497521|rcflNM 004672.2|[244975211; 799- NM 00469l' 
n^SSJS^ ATPaS6 ' H+ porting, lysosomal 38kDa, V0 subumt d isoform 1 " ' 
(ATP6V0D1), mRNA", gi|34335257|ref|NM_004691 .3|[343352^00- NmTo4693 "Homo 
NM en 004 C S°4 "H n ^ 11 ^ mRNA "' ^ 475 ^17|refINM oSSS 
20 TJJ> "6 rSL^r en pM°i" te = 16 (^nocarboxylic acid transporters) 

NM 0046Q8 ( ^ C16A6) \^ A :^I 4078926 °I^NM_004694.2|[40789260]; 802: 

«C A^f m ' H ° m ° Sapiens PRP3 P^-mRNA processing factor 3 homoloe fveasti 0»RPF^ 
S^ A ; ^l 4758555 l ref l N M_004698.1|[4758555]; 803: NM 004699 Homo Sff' 
,°S C ^° S ° me X (unique > 9928 ex P ressed sequence, "(DXS992?E)^A" 
25 S'tS 

gi|26638652|reflNM 0047oSl^^^ ^^^f^^f ' T £ 

^Ptens RNA, U3 small nucleolar interacting protein 2 (RNU3IP2) mRNA" 

30 f J' 15 f 5 f l rcf l N M_004704.2|[3 15 43556 ]; 807, NM.^^o^iens serological 
30 denned colon cancer antigen 1 (SDCCAG1) mRNA sapiens serologically 

Se^SorTJ 13 ' 21132 , 130 , 5 1 51; *° 8: «"-«>«714 , Homo sapiens dnal-specificity 
convertase subtilisin/kexin type 7 (PCSK7) mRNA 1 ^piens proprotem 

voltage-gated channel, shaker-related subfamily, beta^, "member 3 | XCNAB3^ 2^7 
40 gi 27436970|refINM 004732.2|[27436970V 813- NM 0047^ »w (KCNA ? 3) ' ™™ A ' 
protein 1 (BAIAP l), mRNA", l&^2&^ 

"Homo sapiens RAB2, member RAS oncogene familv-like ^B2iTmW^« ~ ' 
8i|21361071|reflNM_004761.2|[21361071]f8T5 NM ^O^S^Homo^^c' , 
complex, subunit beta 2 (beta prime) (COPB2 , m^A" ' * * C ° at ° mer Pr0tdn 

45 gi|4758031|reflNM 004766. 1|[475803 11; 816- NM 004767 'fl ft m n ^. a a ,• 
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^^-?° 4 ™ i ^o^piensN-deacetylase/N-sulfotransferase (heparan glucosamine 3 
(NDST3) • mRNA, gi|4758765|reflNM_004784.1|[4758765]; 818: NM 00478? mZo 
sapiens solute earner family 9 (sodium/hydrogen exchaneert isoform 3" "ZZutJtT ^ o 
(SLC9A3R2), n^A^ gi|475914l|ref)N^ 

S^^iSr^ i SLIT2) ' mRNA "' *K759lS5NpSf Slli]; 
SZU. NM_U04788 , Homo sapiens ubiquitmation factor E4A OJFD2 homoW wactfft topa 1\ 

S££ S 2 SffWf 1 821: mSSSJ^&SJS""** 

protease, senne, 15 (PRSS15), nuclear gene encoding mitochondrial" "m-otein mPXTA- 
gi|21396488|reflNM _004793.2|[2 1396488]; 822: ^004800 ^0^ Wmembrane 9 

S yZ ZiL™£ ber 2 <™ 9SF2 )> «RNA", gi|4758873|ref|NM 004800.1^58^3] IS 
NM_004804 , "Homo sapiens WD40 protein Ciaol (CIAOl) mRNA" '^ 5/;> J> 

gi|38570089|ref|NM 004804.2|[38570089]; 824: NM 004826 , "Homo sapiens endothelin 
NM^&o" 2 ^ 6 " 1 ^ 1 n,RNA "' gi|4758231|reflNM_004826 P l W«h£Ss: 

Z SaP16n + S °°^ a ! reqUir6d f ° r Spl ^riptional activation, subunit 3 ", 
826 S ( 004834' CnT ^ / / gi|28558970|reffNM_004830.2| 28558970 ; 

(MAP4Kh « *l ' ? P T mit °g en - actlv ated protein kinase kinase kinase kinase 4 
N^0483V S^nZ^V'^^f l 22035601 MNM_004834.2|[22035601]; 827: 
"ffiff SSn? 'J^.T^SSSK transIation initiation fa <*>r 2-alpha kinase 3, 
(EIF2AK3),m^A",gi|21361154|reflNM_004836.2|[21361154];828:W 004854 "Homo 
sapiens carbohydrate sulfotransferase 10 (CHST10) mRNA" - ' Homo 

J re ^-° 1 04854 -2|[20127466]; 829: NM_004855 , "Homo sapiens 
phosphatidylmositol glycan, class B (PIGB), mRNA" 

^^l^'T^P 2 ? 3 ^ 830: ^4856 , "Homo sapiens kinesin family 
£7™ nS? >L*««Pt va ^t2, mRNA", gil20143965|reflNM 0048S6.4I[20143965V 
831. NM_004857 , "Homo sapiens A kinase (PRKA) anchor prote n 5 rAKAP5^ 1Z » J ' 
^21493042|rei]NM_004857.2|[21493042]; 832: NM 00486 ^ 'So^o sa^ TOP^ct i 
CIBPL1), mRNA", gi|21071068|reflNM_004865.2| [ 2r071068]; 

sapiens vacuolar protein sorting 4B (yeast) (VPS4B) mRNA" , Homo 

^865801|ref^M _004869.2|[1 7865801]; 834: NM_00487o', "Homo sapiens mannose-P- 

t^X^^T 1 (M ^ DU1) ' m ^ A "' ^l 4759 l^|ref^M_0048%.l|[47™^ 

' S P16ns chromosome 1 °P en readi ng frame 8 (ClorfS), mRNA" 

gip7545320|refINM_004872.3|[27545320];836:NM 004874 "Homo samenTBTo'^^.t a 
afcanogene 4 (BAG4), mRNA", gi| 145745^^304874 UtSSSSS^S^SS?* 
M^c^c? 8 ^ 1 interactin S corepressor (CIR), transcript variant 1, mRNA" - 004 * 82 ' 

ff5£SffT ]; S38:NMJ>0489 P 1 . "Homo ^mitochondrial 
noosomai protein L33 (MRPL33), nuclear gene encoding", "mitochondrial Drotein tran^rmt 
variant 1, mRNA", gi|21735607MNM_004891.2|[217356073; 83*NM 00489^ mZT 
sapiens multiple inositol polyphosphate histidine phosphatase 1 (MINPPn " mRNA 
gi|19923760|ref]NM_004897.2|[19923760]; 840- NM 004898 "Home i , 
(^(CLOCK)^^ 

Homo sapiens immediate early response 2 (IER2) mRNA" ««i_uwyu / , 

gi|4758313|reflNM_004907.1|[4758313]; 842: Nm1o04910 \ "Homo sapiens 
P 55S£S d y lmositoltransfe r Protein, membrane-associated 1", "(PITPNMn mRNA" 
gi|4758925|reflNM_004910.1| [ 4758925 ] ; 843: NM_004913 , "Homo sapS Stome 16 

NM 004918 , Homo sapiens T-cell leukemia/lymphoma IB (TCL1B), Liscript variant 1 
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ribosomal protein L49rMRPlioi mu-w%_. J ■ , t 1 Homo ^P 1 ™* mitochondrial 

-like 3 (DNASE1L3), mRNA", g««2«»7K^^ 1 l5SSSSiy , M^ 
"Homo sapiens nuclear recentor whfamiK, 4 J^, "a t « t Jj u * ^ JV L004959 , 

gi|24432033MNM 004^ tSSSaj • M^^^i?* 5 ^ m ^ A "' 

!X5 , . P °5SS ^-S^ ^annel, Shah-related subfamUy mem^fr "£™^T° 
mRNA", gi|27436972|refINM_004975.2|[27436972]; 855- NM <xSS£ f%LjK^ X 
potassium voltage-gated channel, Shaw-related subfamily ^h Jr ^^T^ ■ 
variant 1 mRNA", £12449746 l|ref|>^^ 

sapiens kmesin family member 5A (ICIF5A'l mRNA" ^l/coier™ ixr?7 ™ 84 ' Homo 
857: NM 004987 , "Homo sapiens ITM «„J c » g 1 K826807|reflNM_004984.1|[4826807]; 

^A", gi,1351802»^^^ d ™ 1 (^Sl), 

d^ydrogenase ubiquinone) Fe-S protein 1, 75kDa'', "(NADHk^S ? £££L 
( ^S52.^f U ? 0 " r g6ne encodin S mitochondrial", "protein, mRNA" reductase ) 
gi|33519474reflNM 005006.5|[335194741- 862- NM (mSnTv ' 

(PCYT1A),' mRNA, gi|3 1543384 refJNM 005017.2l[3 15433841- 865- NM 
pho^handylinortoW-phospnateS-kini SffijSS™. 
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nSHSSS ^ 1 ' ?l 402548 °7|reflNM_005041.2|[40254807] ; 871: 

W^f™ , ' Homo sa P iens P^athyroid hormone receptor 2 (PTHR2) mRNA" 
^39995097|ref{NM_005048.2|[39995097]; 872: NM 005049 »HSaS P WP2 periodic 
tryptophan protein homolog (yeast) (PWP2H) mRNA" penodic 

gi|4826955|refJNM_005049.1|[4826955]; 873:'nM 005051 , "Homo sapiens glutaminvl tRNA 
synthetase (QARS), mRNA", gi|4826959|reflNM_ol)5051 .1| 48269S9]!^ 
"Homo sapiens solute carrier family 17 (sodium phosphateV member 1 At pita n <■ dxta 
gi|4827009|ref]NM 005074. 1|[4827009]- 875^ oS'^IL (SLC17A1), , mRNA, 

sapiens * phosphohpase A2, group VII (platelet-activating factor", "acerymXlase pi a^ 
(PIA2G7), mRNA", gi|31543409|re£INM_005084.2|[3 1543409]; 877: NmTosT^ "iSmo 
T^^r r ° eCr ° SiS faCtOT superfamily, member 18 TOFSFl^ 7" mRNA 

gj!40354198 reflNM_005092.2|[40354198]; 878: NM 005097 , "Homo saplenT^ctne rich 

5 (G ° LG " "A", giS^ 
NM_005124 , "Homo sapiens nucleoporin 153kDa (NUP153) mRNA" 

883 P W MsfaTSf dlsmutase (C«). mRNA", gi|4826664MNM 005125.^4826664]; 

sap,en S squamous cell carcinoma antigen recognised by T cells (SARTTlnTRNA' 1 * 
? |38788CK)9|reflNM_005146.3|t38788 S 009];88?:NM 005 4^ SLlTLj (HsMO^ 
homolog, subfamily A, member 3 (DNAJA3) mRNA 7 ' (Hsn40) 

gi|40786390|reflNM 005147.3|[407863901- 887- NM 00515/1 "h™„.„- ■.• ■ ■ 
protease 8 (USP8), mRNA", gi|41281375,^^5 0 4^ 

Homo sapiens angiotensin II receptor-like 1 (AGTRL1) mRNA" «muu:> 161 , 

gi|34577064|reflNM_005161.2|[34577064]; 889: NM 005164 , "Homo sapiens ATP bi^i™ 
cassette, sub-family D (ALD), member 2 (ABCD2), mRNA" P ATP-bmdmg 

gi|21536379lref|NM_005164.2|[21536379]; 890: NM 005169 , "Homo sapiens paired-like 

nToo^S 0 ^ 

., — ' Homo sapiens achaete-scute complex-like 2 (DrosoDhila^ (A^rT o\ t»t?xta » 

g.|42716308|reflNM_005170.2|[42716308] ; 892:?™ 005 171 So sa^S aS ™£T ' 

NM^oSf »H P Va T! 15 ^l 70193 56treflNM_005209 l|[7019l 5 6]; 897 

wPP?-?}, 5 H ° m ° Sapiens deleted in colorectal carcinoma (DCC) mRNA" 

rei|iNivi_uu5222.l,DLX6[4885188], This record was temporarily removed by RefSeq staff for 
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r S??r;V«?°^- 005223 • " Homo sa P iens deoxyribonuclease I (DNASEl) 
mRNA, gi 21361253 refp^M 005223.2lr213612531* 901 • NM ()W>a «u ; ' 
interactive domain 3A (BRIGHT- like) (SSf" ' ^ AT ^ 

glf!^ 902: NM-005227; "Homo sapiens ephrin-A4 

SrattTSSf V3nant ' m ^ A "' S i i 33359684 MNM_005227.2|[333596S]" 903: 
NM_005236 , Homo sapiens excision repair cross-complementing rodent repair deficiencv » 

^^ J^° m uT^r^ -J*"***^ virus E26 oncogene homolog 1 (avian) 
(ETS1), , mRNA, gi|41393580|ref]NM_005238.2|[41393580]; 905: NM 005239 "Homo 
sapiens v-ets erythroblastosis virus E26 oncogene homolog 2 (avian) (ETS2^" mRNA 
gi|20127471|reflNM_005239.2|[20127471] ; 906: NM 005245 ^ ^mVlalTeU?!?^' 

forkhead box C2 (MFH-1, mesenchyme forkhead 1) (?OXC2) m^A'- ' P ^ 

910 ' nL »r CnPt V 7^1 inRNA", gi|29540560|r e f|NM_005256 8 2|[29540?60]; 

yio. NM_005257 , "Homo sapiens GATA binding protein 6 CGATA^ mPXTA » 

gi|40288196MNM_005257.3|[40288196]; 911: NM £S 25 S ^ QTP 
cyclohydrolase I feedback regulatory protein (GCHFR) mRNA" 
gi|6382072|reflNM_005258.2|[6382072]; 912: NM 005260 . "Homo sapiens growth 

SfS^^ 9 (GDF9) A mRNA "' ^1559"8MNM OoSS^?5»?913- 
NM_005264 , "Homo sapiens GDNF femily receptor alnha wnw? A n +™ • * • . , 

mRNA", gi|22035690|reilNM 005264.2|[2203569m 91^ m S ^ P ***** U 

junction protein, alpha 5, 40kDa (connex n 40) GJA5V' t ' ? a ° Hfl? gap 

gi|32483413|ref]NM 005266.4|[3 2 SS 915 ^65^^T^ A, ^ A ' • 

02 i, 52 ?! r ^ M - 00 52 7 2.2|[22027523]; 917: NM.005275 , "Homo sapiens guanine 

su». NM_U05281 , Homo sapiens G protein-coupled receptor 3 <GPR3i^ mRNA" 
g 1 |31377791|ref]NM_005281.2|[31377791]; 919: NM 005286 ^, "Sm^ ^G protein 
SmSS? «H (GPR8) ' ^ ^ ,3 ° 581 163 M"NM_005286 ^ 
^94 <™ ™ 

receptor31(GW m RNA'fS 

ox^^f S ° P rotein - co «P^d receptor 37 (endolhelin receptor typ TB-likeVWPR^^ ' 
mRNA",gi 31377788|ref]NM 005302.2|[3 13777881- 923- NM 0O5?oT (GP ? 37) ' 

™"m^ 

guanine nucleotide-releasin g fecto2-(specific for cr? 

variant 1, mRNA", gi|38373674|reflNM 0053 12.2|[3 8373^74 ^ 9^6 NM 0^ *S P 
sapiens glucose regulated protein, 58kDa (GRP58) inRNA" NM_005313 , Homo 

gi|21361656|reflNM_005313.3|[21361656]; 927: NM_0053l' 8 , "Homo sapiens HI histone 
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SS^ 1 ^' mR ? AM> ^|20336758|ref^M_005318.2|[20336758]; 928- 
JNM_UUDJ21 , Homo sapiens histone 1 Hie fHTCTmim ™t?xtah ^ v/jo J>^°- 

gi|205441«4|ref|NM 00532 1.2|[205™ 641 92?S (LhS^hI • u- 

(HIST1H1A), mRNA", gi^llrerA S£«7&S* «' " U 

spew :? ta ^ silon 1 ? ibei) ' mfaTA "' «pq«i»n8m SoSo2 12 5r 

dehydrogenase (lipoamide) alpha 2 (PDHA2) mENA" ' ° m ° Sap ' enS P5TUVate 

gi|38492354|reflNM 005390.3|[384923541- 938- MM rVwoi »rr 
(PLXNB3), ^^A'\ gi|10864080|refJNM 0053^ 

ES? n . Ph ° Sphatase *' »ff**«y inhibitor) ubunit 3C ^^PPl^cr- ™RKA 
^|42476161|refp^_0053983|[42476161];940-NM Si Ef^ '"^A, 
phosphatase, non-receptor type 14 (PTPN14) mPjljA" ' ^ Pr ° tem 

gi|34328898|ref]NM_005401.3|[34328898]: 941- NM 005402 TTn™ ■ 

leukemia viral oncogene homolog A (ras relate^ »^A) n^A' ^ 8Unum 

gi|33946328|ref]NM_005402.2|[33946328]; 942 NM 0054 i f^n™ < ■ 

tumorigenicity 5 (ST5), transcript variant t mRNA" ' ^ SU PP ression of 

(TP73), mRNA", gil4885644|ref^ Z^ZT™ 
vav 1 oncogene (VAV1), mRNA", gi|7108366MNM 00 S4M ^2^08366^948 Z K 

M^. S Sr S ^ aSCUlar endotheli ^ growth factor C (VEGFC ,S» ' N**- 005429 . 

gi|19924300 ref^NM 005429.2l[ 199243001- 949- NM nn^ni w ' • „ 

gi|4885656|reflNM_005431 1|[4885656]; 950^ 005432 h££S ^ ' 
^1^^ defective repair in Chinese hanX "cefls 3 7^3^^ ^ 
gi|12408644|ref)NM 005432.2|[124086441 9M NM 0054^ "S X ' . 

3ftS^^ hr L92 - 

assembly factor 1, subunit B (p60) (CHAF1B) inRNA" ' P chromatin 

gi|4885104|reflNM_005441.1|[4885104]: 954- NM 005452 'flnn,„ « • 

•iV^,™ Hom ° sapIens zmo ftag« protein 297 (ZNF297}~~mRNA 1 ' 
g .|20070223|re fl NM.00 5 453.3| [ 20070223 P ; 956: ^^^piens aynudein, a!pha 
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St^SmES? (^P^). (SNCAIP), mRNA", gi|4885602|ref|NM_005460.1|[4885602]; 

t ' TT^ttl ' Hom ° Sapiens V " maf musculoaponeurotic fibrosarcoma oncogene homoL B 
avian), "(MAFB), mRNA", gi|31652256|reflNM_005461.3|[31652256]- 95^NM 00*S 8 
Homo sapiens peroxisomal acyl-CoA thioesterase (PTE1) transcript variant 1 « mPM A ' 

aeacetyiase 5 (HDAC5), transcnpt vanant 1, mRNA" 

gi|21237796|reflNM 005474.3|[2 12377961- 960- Nm' 005475 «w™«« * • i 

nbosyltransferase (NAD+; poly (ADP-ribose) poIyme^aseMike 3 »f ADPRTI iT^pxr a » 
gi|11496992|ref|NM 005485.2|[U4969921- 964- mS °00M9O "Hn^^cS?? '• 

NM 005507, Homo sapiens cofilinl (non-muscle) (CFL1), mRNA" 
gx|50316341ref|NM_005507.1|[5031634]; 968: NM 005517 So sapiens high-mobflitv 
group microsomal binding domain 2 (HMGN2) mRNA" mobility 

^^ 8 ^^ 055 . 17 - 1 lf5031748]; 969: NM.005522 , "Homo sapiens homeo box Al 

VO^SrFlZF ' \ n,M ^"; S i l 24497507 MNM_005522.3^24497507]; 970: 

NM_005527 , Homo sapiens heat shock 70kDa protein 1-like fHSPAlO mRMA" 

giK1582237|reflNM 005545.3|f41582237V 97S-livf "T;™' 1 '™.' . 

3lPha 5 mRNA "' ^ 2126 ^lIreflNM ] 

63 ' Homo sa P iens stath min 1/oncoprotein 18 (STMN1) mRNA" 
f-Sf- 0 ? 5 **.2|[13518023]; 978: NM.005567 "Homo saS^tin 
galactoside-bmding, soluble, 3 binding protein (LGALS3BP),", mRNA 

gi|6006016 refJNM 005567.2|[6006016]; 979- NM 005574 "Ho™ ca«- a , t txm a • , 

^ToVffl , ' Homo ^P 16118 kucyl/cystinyl ammopeptidase (LNPEP) mRNA" 

£ 3 * 8 ^^ 981: NM-005583 , "HomoSpSy^nphoblastic 

SCqUenCe 1 {LY i 1X mRNA "' gi|34147557|ref|NM 00^5833^4147^1 982- 
JNM_005584 , "Homo sapiens mab-21-like 1 CC eleeans^ OA Aft? 1 t n rv,t>xT a . J ' 

phosphatase, receptor type, C-associated protein", "(PTPRCAP") mRNA" tyrosine 
g.|50320O4MiNM_0056O8. I |t5 0 320O4] ; 984: ^.005620^0^^ 3,00 caMum 
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5?3S? ^5S£ fgmm) (S100A1 1), mRNA", gi|5032056|refINM_005620.1|[5032056]; 

•if AvZirZl i ? >m0 SapienS sphcmg factor > arginine/serine-rich 4 (SFRS4), mRNA", 

gi|34147660|reflNM_005626.3|[34147660]; 986: NM_005627 , "Homo sapiens 
serum/glucocorticoid regulated ldnase (SGK), mRNA" 
5 gi|25168262|reflNM T 005627.2|[25168262]; 987: NM 005628 , "Homo sapiens solute carrier 
lamily 1 (neutral ammo acid transporter), member 5", "(SLC1A5) mRNA" 
gi|5032092MNM ,005628. 1 ([5032092]; 988: NM_005632 , "Homo sapient small optic lobes 

JS? 0 nnf Sf°S hlla) (SOLH) ' mRNA "' g i l 414 06087MNM_005632.2|[414060871; 989- 
NM_005634 , Homo sapiens SRY (sex determining region Y)-box 3 (SOX3) mRNA" 
10 gi|30061555|reflNM_005634.2|[30061 55 5]; 990: NM.oW, "Homo sapiens RNA 
V °^tT?^' I^ TA box bindin S P rotein (TBP)-associated", "factor, 28kDa (TAF1 1) mRNA" 
gi|21269863|reflNM_005643.2|[21269863]; 991: NM.005644 , "Homo sapiens TAF12 RNA ' 
polymerase II, TATA box binding protein (TBP)-associated", "factor 20kDa <TAF1 ?1 m PMi » 
j^MQNm ^005644.21 [ 9943840]; 992: NM_005652 itsSE* ' 
SfSS 0 t0r 2 < TERF2 )> "RNA". gi|21536372|reflNM_005652.2|[21536372]; 993- 
NM_005655 , 'Homo sapiens TGFB inducible early growth response CUEG) mRNA" 
gi|5032176|ref]NM_005655.1|[5032176]; 994: 1*/&6S7 , "Homo sapSnsi^ protein P 53 

S?^?^ 1 ( TP53BP1 )' ^)5032188|reflNM_005657.1|[5032188T99 5 T 
™ N .M_005659 Homo sapiens ubiquitin fusion degradation 1-like (UFD1L), mRNA" 

20 ^22257^^0056593134222257]; 996: NM 005664 . "Homo sa^i^orin, ring 
finger protem, 3 (MKRN3), mRNA", gi|5032242|reflNM_005664.1|[5032242]' 997- 
NM_005671 , "Homo sapiens reproduction 8 (D8S2298E) mRNA" ' 
gi|5O3165O|ref]NM_O05671.1|[50316503; 998: NM.005688 , "Homo sapiens ATP-binding 
cassette, sub-family C (CFTR/MRP), member 5 (ABCC5),", mRNA 

25 m2?^-r 688 'f? 10 ° ]; " 9: ^H_005690 , "Homo' sapiens dynamin l-like 
S^n^^P^^^^^^''^! 6996008 ^^ 005690.2)[6996008]; 1000- 

fort? -rrnSr T enS COX17 h0m ° 1Og ' oxidase assembly protein 

(yeast) , (COX17), nuclear gene encoding mitochondrial protein, mRNA" 

gi|5031644|ref1NM 005694J[5031644]; 1001: NM.005697 , "Homo sapiens secretory carrier 

SJl^SSiP 0 !? (SCAMP2 )' "^A"' gi|16445417|reflNM_005697.3|[16445417]; 1002- 
MM_005698 , Homo sapiens secretory carrier membrane protein 3 (SCAMP3) transcrint 
• variant" "1, mRNA", gi|16445418|re£lNM_005698.2|[1644 P 5418]; 10031 NM OoSS!^ Homo 
sapiens dipeptidylpeptidase 3 (DPP3), transcript variant 1, mRNA" ~ ' 

gi|18491023|reflNM_005700.2|[18491023]; 1004: NM.005705 , "Homo sapiens pan- 
.55 hematopoietic expression (PHEMX), transcript variant 2 mRNA" 

gi|37595533|reflNM_005705.3![37595533]; 1005: NM_005706 , "Homo sapiens tumor 
suppressing subtransferable candidate 4 (TSSC4), mRNA" 

g^21071005|ref|NM_005706.2|[21071005]; 1006: NM_005713 , "Homo sapiens collagen, type 

»3i n a ,S^?^f tUre antlgen) binding P rotein "> "(COL4A3BP), transcript variant 1 
mRNA", gi|5031716|reflNM_005713.1|[5031716]; 1007: NM.005714 , "Homo sapiens 
P S™ h T e1 ' su bfamily K, member 7 (KCNK7), transcript", "variant C, mRNA" 
gi|5031820MNM 005714.1|[5031820]; 1008: NM_005716 , Homo sapiens rector 'of G- 
protem signalling 19 interacting protein 1, "(RGS19IP1), transcript variant 1 mRNA" 
g 3 |42 5 44147MNM_(X)5716.2| [ 42 5 44147]; 1009: NM.005717 , ''Ha^L^c^r^ 
protein 2/3 complex, subunit 5, 16kDa (ARPC5), mRNA" 

gi|232382121ref]NM_005717.2|[23238212]; 1010: NM 005719 . "Homo sapiens actin related 
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protein 2/3 complex, subunit 3, 21kDa (ARPC3) mRNA" 

gi|23397667|ref]NM 005719.2|[233976671- 1011- NM [ «w • ^ 

Homo sap,«„ s asparagmo-linked glycosylate 3 homolo. (w^ « S, , , N™- 005787 > 
factor 2 (NUTF2), mRNA", JUswiw S 1^03.984? S5^ U 1r££r POrt 

JSssms** 1 pro,ein 2 owk) Script ^-o 05798 • 

gt|16445410reflNM 005798.2|[164454101- 1026- NM onroit^w' ' • 

(prosome, macropam) 26S submit, non-ATPasc l^vStat Ho ™ "T™ P"***"™ 

gi|42734423|ref|NM 005805.2|[42734423V1027 NM 005^3 "it '• „ . 

P40 (RAB9P40), mRNA", O^lW^^i^^^^SS^SS^ 

-^^^^^•^^ 

cassette, sub-family C (CFTR/MRP), Jte 4.! "'^ ATP - btadin 8 

»P4452699|reflNM_005845.2|[34452699];To32^ 005850^4™, • r • . 

metelloproteinase (STE24 homolog, yeaat) (affSTE24,^RNA» ' SaP1MS ^ 
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mJ^^KSJL 19 - (RGS19) ' mI ^ A "' g i l 5031 704|reffNM 005873.1|[5031704]. 1040- 

against decapentaplegic homolog 1 (DrosopMaV'' SK? ** V ™* ^ m ° therS 
gi|5174508|reflNM_005900.1|[5l745081- IwVS ^" - 
against decapentaplegic homolog 7 (Dro ^V%S^1 £™°a ^P 16 ™ ^ m0therS 
? |5174516|refINM_005904.1|[5T74516]; 1048: mi^S^ »£^I . 

gi|13699867|ref]NM_005956.2|[136998671: 1055- NM ' ■ 

sst me) (TBX3 >' USS 996 • Homo sapiens T - box 3 (ulnar 

gi|18375606|reflNM_005996.2|[18375606]: 1061- NM 005997 

factor-like 1 (TCFL1) mRNA" eiKl 7471 iii^/ ?7 ' Homo sa P iens transcription 

Homo sapiens ubiquitin^ 1062: NM 006002, 

W P gi,37059^^ "(UCHL3), 

ubiqumol-cytochrome c reductase Rie^ JmT , JNJ ^- 006003 > Homo sapiens 

^151747421^,00600^^ ^ "(UQCRFS1), mRNA", 

cytochrome c reductase hinge protein (UOCRin^NA-? ' Sapi6nS ubi< l uino1 - 
gi|5174744|ref]NM_006004 g l|^^^^ 
— Nearly stage^^^^^ 
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i^A^SJ^n^f^S5?E2f s ' al y ltransferase 8B (^Pha-2, 8-sialyltransferase) (SIAT8B), 
mRNA gi|28373096|reflNM_00601 1.2 [28373096]; 1067: NM 006012 , "Homo sapiens ClnP 
casemolytic protease, ATP-dependent, proteolytic subunit", "homolog (E^oii^CLPPWcl^ 

5 NM__006017 , "Homo sapiens prominin 1 (PROM1) mRNA" J 

gi|5174386|refimi_006017.11[5174386]; 1069: NM 006020 ,' "Homo sapiens alkB alleviation 

'JJT° SapienS chromosome 10 OP 611 wading frame 7 (ClOorfT) mRNA" 
g.|5174422)reflNM_006023.1|[5174422] ; 1071: NM.006035 , "Homo sapiens cSc42 binding 
10 protein kinase beta (DMPK-like) (CDC42BPB) mRNA" Dinoing 

gi|16357473|reflNM_006035.2|[16357473]; 1072: NM 006037 , "Homo sapiens histone 
x^^! 4 CHDAC4), mRNA", gi|13259519MNMl006037i|[13259519 M073 
mwSfn '« ^4 > ^Ji3^ rtUto ^ lucosamine ) 3-O-sulfotransferase 3B1 
(HS3ST3Bl),\mRNA,gi|5174466|reflNM_006041.1][5174466];1074:NM 006042 "Homo 
15 sapiens heparan sulfate (glucosamine) 3-O-sulfotransferase 3A1 (HS3ST3Af) " mRNA 

gi|5174464|reflNM_006042.1|[5174464]; 1075-.NM 006056 , "Homo saptens G prote^-coupled 
^eptor66(GPR6Q,n^A^^ 

Homo sapiens cysteme-rich secretory protein 3 (CRISP3) mRNA" 

?n Sn^f 41 ^^ 06061 ' 1115174674 ^ 1077: NM-006067 , "Homo sapiens neighbor of COX4 
20 (NOC4) mRNA", gi|34147520|reflNM_006067.3|[34147520]; 1078: NM OO60T0 "Homo 

SToS'^ g6ne (TFG> ' mR ? A "' *l 3414 ^ 3 l~Ww 

NM_006080 , Homo sapiens sema domain, immunoglobulin domain (Ig), short bas c domain " 
1080 T^r (S rSnS OI S 3A < SEMA3A )> «*NA". gi|5174672|reflNM 006080. 1|[5 1746^7 ' 
^ ,tc J?^t; 006084 ' H ° mo sapiens interferon-stimulated transcription factor 3 gamma 48kDa 
25 (ISGF3G),", mRNA, gi|25282406|reflNM_006084.3|[25282406]; 1081: NM 0060^HonS 
sapiens sex comb on midleg-like 2 (Drosophila) (SCML2), mRNA" ' H ° m ° 

gj|5174668ireflNM_006089.1|[5174668]; 1082: NM_006 090 , "Homo sapiens 
chohne/ethanolaminephosphotransferase(CEPTl) mRNA" 
^ g'2 173556 7MNM 006090.2|[21735567]; 1083: NM_006091 , "Homo sapiens coronin actin 
ttT? ( C0R02 B)» niRNA", gi|24307902|reflNM_006091.1|[2 P 43079S2^ 
^i 9 ' l Hom ° Sapiens deleted m liver cancer 1 (DLC1), transcript variant 2 mRNA" 
*|33188436|reffNM _006094.3|[33 188436]; 1085: NM%6096\ "HomTs^ ' 

35 rarilt"? BMi'i ^c^TT my ° Sm ' light P^yP^de ?, regulatory (MYL9), transcript 
35 variant 1, mRNA", gi|31563522lreflNM_006097.3i[31563522]; 1087: NM 00610 , "Homo 
Z^Totlo3 associated 2 (KNTC2), mRNA", gi|5174456|rc^_006i01.1|[5 74^ 
1088. NM 006103 , "Homo sapiens WAP four-disulfide core domain 2 (WFDC2^ transcrint 
variant 1 ", mRNA, ^18379363MNM_006103.2|[18379363]; 1089: NM^6H4 S 
in T^f„ ^?° CaSe °, f ° Uter mitoch °ndrial membrane 40 homolog (yeast), TTOMM40} 
^A" > gl |5174722MNM_0061 14.1|[5174722]; 1090: NM 006119 , "komo sapiens 
^^?i r f^ T ? Ct0r 8 ( andr °gen-induced) (FGF8), transcript", "variant B, mRNA" 
gj|15147351|refINM_006119.2l[15147351]; 1091: NM 006122 , "Homo sap^nTmannosidase 

NM«£S ^Hn 6mber 2 (MA * 2A2 >> mRNA "' g i)5540099MNM.00612 P 2.1| {SSSSfStt: 
NM_006133 , Homo sapiens chromosome 1 1 open reading frame 1 1 (CI lorfl n mRxr a » 
*5 ^|27262631|re f |NM_006133.1|[27262631]; 1093* NM 006lS?^o slp^SgVotem 
(actin filament) muscle 2-line, alpha 1 (CAPZA1),", mRNA, 2 P 
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gi|5453596|re5NM_006135.1|[5453596]; 1094: NM_006148 , "Homo sapiens LM and SH3 
protein 1 (LASP1), mRNA", gi|5453709|reflNM_006148.1|[5453709]; 1095: NM 006156 

™ f,?^!? n6Ural P recursor cel1 expressed, developmental^ down-regulated 8", "<NEDD8> 
S?^ \P^53759MNM_006156.1|[5453759]; 1096: NM_006157 , "Homo sapierS - 
like 1 (chicken) (NELL1) mRNA", gi|5453763|reflNM_006157.1|[5453763]; 1097: NM 006164 
, Homo sapiens nuclear factor (erythroid-derived 2)-like 2 (NFE2L2 , > mRNA" 
gi|20149575|ref]NM_006164.2|[20149575]; 1098: NM 006168 . "Homo sapiens NK6 
transcnption factor related, locus 1 (Drosophila) (NKX6-1) ", mRNA 

gi|5453787MNM 006168.1|[5453787]; 1099: NM_006172 , "Homo sapiens natriuretic peptide 
precursor A (NPPA), mRNA", gi|23510318|reflNM_006172.1|[23510318]; 1 100: NM 006181 
"Homo sapiens netnn 2-like (chicken) (NTN2L), mRNA" ~ ' 

^^^^^ISl^^!^ 1 1 101: NM- 006 ^ . "Homo sapiens paired box gene 9 
(PAX9) ,mRNA",g 1 |7242166|ref]NM_006194.1|[7242166]; 1102:NM 006195 , "Homo sapiens 
pre-B-cell leukemia transcnption factor 3 (PBX3) mRNA" ~ 
gi|24475894|reflNM _006195.2|[24475894]; 1 1 03 :'nM_0061 96 , "Homo sapiens poly(rC) 

^S 61 ^^ 0 ^ 0 ' mRNA "' Sil 141 4H64|reflNM_006196.2|[14141164]; 1104: 
.Homo sapiens phosphodiesterase 6C, cGMP-specific, cone, alpha prime 
(PDE6C) ", mRNA, gi|21361307|reflNM_006204.2|[21361307]; 1105: NM 006205 , "Homo 
sapiens phosphodiesterase 6H, cGMP-specific, cone, gamma (PDE6H), mRNA" 
g*i54S3867M^ 

prolyl cis/trans isomerase) NIMA-interacting 1, "(PIN1) mRNA" F ; 

fKSSf ^^-^S 1 - 11 ^ 453897 ^ 110 7:NM_006228 , "Homo sapiens prepronociceptin 
(PNOC),mRNA",gi|11079650|reflNM_006228.2|[11079650]; 1108: NM 006232 "Homo 
sapiens polymerase (RNA) II (DNA directed) polypeptide H(POLR2H) mRNA" ' 
g^8^|.^_^2^C145899521; 1109^.006236 . -ttm^^^^dc-m^ 
U Z ^T^T^ tOT 3 <?° mF V> "RNA", gi|5453935|reflNM_006236.1|[5453935]; 
Jpp^ •' HOm ° Sapi6nS Pr ° tein P hos P hata <*, EF hand calcium-binding domain 1 

iS^ac ^npt variant 1, mRNA", gi|23312379|refINM_006240.2|[233 123791; 1111: 
■<r . .tl^xS^ Sapl6nS Pr ° tein P hos P hata se 2, regulatory subunit B (B56), epsilon 
isoform", "(PPP2R5E) mRNA", gi|31083295|reflNM_006246.2|[3 1083295]; 1 112: NM 006254 
, Homo sapiens protem kinase C, delta (PRKCD), mRNA" " 

frJrl^ 1113:NM_006259,"Homosapiensproteinkinase, 
S^SSSS^S? ^ n . (PRKG2 >» mRNA "' gi|5453977|ref1NM_006259.1|[5453977]; 1114: 
n^rT^ 1 ' 1 Homo sapiens P r °P het of Pitl > Paired-like homeodomain transcription factor" 
"(PROPl),mRNA" )g i|40254838|reflNM_006261.2|[40254838]; 1115:NM 006262 "Homo 
SSTnJJ? (PRPH) ' niRNA "' 8i|21264344|ref]NM_006262.2|[21264344]- 1 1 16' 
i iTv? wS;^ U ° Sapi6nS P roteasome (Prosome, macropain) activator subunit 1 (PA28 
ti^iii^rSSSS' tomacnpt variant 1, mRNA", stpOS81139|rof|NM: 006263.2|[3058 11391; 

^S^-SSSS ' ?° m ° SapienS related ^ ^ < r " ras ) oncogene homolog (RRAS) 
mRNA", gi|20127497|reflNM_006270.2|[20127497]; 1118:NM_006280 , "Homo salens signal 
sequence receptor, delta (translocon-associated protein", "delta) (SSR4> mRNA" 
gi|5454089|reflNM 006280.1|[5454089]; 1 1 19: NM.006284 , "Homo sapiens TAF10 RNA 
P ^™ e ,! ' J ATAboxbi naing Protein (TBP)-associated", "factor, 30kDa (TAF10) mRNA" 
gi|21166374|reflNM_006284.2|[21166374];1120:NM 006285 , "Homo sapiens TtLtis-sSc 

Homo sapiens tahn 1 (TLN1), mRNA", gi|16753232|ref]NM_006289.2|[l 6753232]; 1122: 
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NM_006292 , "Homo sapiens tumor susceptibility gene 101 (TSGlOn mRNA" 
gi|18765712|refINM_006292.2|[18765712]; H23?NM 006298 , "Homo^Sie^'zinc finger 
protein 192 (ZNF 192), mRNA", gi|5454177|reflNM_006298.1![^54177] ^SfcNM oS«02 

>^ToSTf "Sn 1 (GCS i } ' mRNA "' g i l 5453 661|ref]NM_006302.1|[5453661]; 1125: 

NM__0063 15 , "Homo sapiens ring finger protein 3 (RNF3), mRNA" 

^S^S^-^S^SS 4 ^ 2 ^ 1 1 126: NM -«)6329 , "Homo sapiens fibulin 5 
(FBLN5), mRNA", gi|19743802 reflNM_006329.2|[19743802]: 1 127: NM 00633 1 "Hnmn 

STo^ Pr »S in (C2F) - mRNA " ^1652261|reflNM_006331 Sl(^Tll28: 

WrfSS? 3 . ' « m ° SapienS nuclear DN A-binding protein (C1D), transcript variant 1 mRNA" 
gi|27894371|refINM_006333.2|[27894371]; 1129:NM 006338 , "Homo ^sTpie^eucine ric^ ' 
repeat neuronal 5 (LRRN5), transcript variant 1, mRNA" 

^^T^^^ 42 ^ 423011 1 130: NM -006342 , "Homo sapiens transforming 
acidic coiled-coil containing protein 3 (TACC3) mRNA" ^ 

gi|5454101|ref]NM_006342.1|[5454101]; 1131: NM 006344 , "Homo sapiens C-type fcalcium 

1 132- NlvT 0063 4^ 3), transcript variant 2,", mRNA, gi|5453683|reflNM_006344.1|[5453683]; 

Sm^S/a SJS^? 8 ^ IUte Carrier famiI y 30 < zinc transporter), member 9 
(SLC30A9), \ mRNA, gi|7656945|ref]NM_006345.2|[7656945]; 1 133: NM 006346 "Homo 
sapiens progesterone-induced blocking factor 1 (PIBF1) mRNA" iNm - UUOJ4 ° » Homo 
^|5453889|ref]NM_006346.1|[5453889]; 1 134: NM_006347 , "Homo sapiens peptidyl prolyl 
NZo^,/ C ^ 0phlImH) (P f^' mRNA "' 8 i l 19 224661|refINM 006347.21^22466^1 35- 

?^ »A 3° m ° Sapi6nS ATP synthase > H+ transporting, mitochondrial F0 complex 
subunit d", "(ATP5H), mRNA", gi|5453558|refINM_006356 5|[545355% 1 136: ^ 006357 

Homo sapiens ubiquitm-conjugating enzyme E2E 3 (UBC4/5 homolog, yeast)" "OJBE2E3( ' 
transcript variant 1, mRNA", gi|33359695|reflNM_006357.2|[33359695 ; 1 137: NM 006365 

Homo sapiens transcriptional activator ofthec-fos promoter (CROC4) mRNA" ~ 
^5453624MNM_006365.1| [5 453624]; 1138: NM%6368 , "S^caW responsive 
tSS^SS^ST^ 3 (CREB3) ' mRNA "' ^l 383 27637|reflNM_006368.4|[3 A 3^6S 
^JS^iS^K?" Tc! lde tranSp ° rt flmm * faction with t-SNAREs homolog IB 
i ^east)(VTIlB),mRNA",gi|5454165|reflNM_006370.1|[5454165]; 1140-NM 006374 

Homo sapiens senne/threonine kinase 25 (STE20 homolog, yeast) fSTK25"> mRNA " ' 
^l 34 /f 7 H 6 fj^M J)06374.31[34147665]; lUUN^i^^^^i^^ 
regulated 1 (HYOU1) mRNA", gi|l 3699861 |reflNM_006389.2| 13699861]! 1M2: nS 006390 
N^ToSgf-M POrtm 8 (IP ?^ mRNA "' gi|5453999|reflNM_006390.1| 5453999];! 1 43 : ' 
^rSS?. ' m ° Sapi6nS APG7 aut °Phagy 7-like (S. cerevisiae) (APG7L) mRNA" 
g,|5453667MNM_006395.1|[5453667]; 1144: NM_006396 , "Homo sapfens Sjo^s ' 
syndrome/scleroderma autoantigen 1 (SSSCA1) mRNA" 

gi|5453837|reflNM_006396.1|[5453837]; 1145: NM 006397 , "Homo sapiens ribonuclease H2 

ST SSS? ( ^ ASEH2A) ' I f NA 1 "> ^^^J^^^^^ ^ 
WM_006399 , Homo sapiens basic leucine zipper transcription factor ATF-Hlce rati^ 

aSf ^ 183 J 5 9 64 °l re f M_006399.2| [ 1837 P 5640]; 1147:^0^0^1^ 
anterior gradient 2 homolog (Xenopus laevis) (AGR2), mRNA" 

^20070225|reflNM_006408.2|[20070225]; 1 148: NM_006422 \ "Homo sapiens A kinase 

NM^fiSs °^° tem f AKAP3 )' "^A". gi|21493040|re£INM_006422 2|[21493040]; 1149: 
^>° 6 f 8 ' .H^japjens mitochondrial ribosomal protein L28 (MRPL28), nuclear gene 
encoding", "mitochondrial protein, mRNA", gi|39812062|reflNM 006428.3|[398 12062]- U50- 
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NM_006447 , "Homo sapiens ubiquitin specific protease 16 (USP16), mRNA" 

SfSSS U51: NM- 006453 • "Homo sapiens Wducin (beta)- 
hke3 (TBL3) mRNA", gi|19913368|ref]NM_006453.2|[19913368]; 1152: NM 006455 "Homo 
sapiens synaptonemal complex protein SC65 (SC65), mRNA" " ~ 
5 gi|39812427|ref]NM 006455.2|[39812427]; 1153: NM.006465 , "Homo sapiens AT rich 
interactive domain 3B (BRIGHT- like) (ARID3B), mRNA" 

Sx T 4 f?S 7 J refP ^- 006465 - 1|[5453637 ^ H54: NM 006467 , "Homo sapiens polymerase 

1155. NM_006477 , "Homo sapiens RAS-related on chromosome 22 (RRP22} mRNA" 
10 gi 42476128|ref]NM_006477.2|[42476128]; 1 156: NM 006479 , "Homosapiins^i- 
mteractingprotem(PIR51),mRNA" > gi|19923778|reflNM 006479.2|[19923778V 1157- 
NM_006492 , "Homo sapiens aristaless-like homeobox 3 (ALX3) mKNA' 
gi 5729727|refiNM_006492.1|[5729727]; 1 158: NM 006495 . "Homolapie'ns ecotropic viral 
1 < Slte 2B (EVI2B) ' mRNA "' 8i|20070234|reflNM o66495.2|r2007ol3^ 

15 NM_006497 , "Homo sapiens hypermethylated in cancer f(HICl) niRNA" J ' 

gi|5729870|reflNM_006497 .1|[5729870]; 1160: NM 006502 /•Hon^pTens polymerase (DNA 
directed), eta (POLH), mRNA", gi|5729981|ref]NM:606502.1|[5729981J; 1 llFX 006503 
Homo sapiens proteasome (prosome, macropain) 26S subunit, ATPase, 4 0 > SMC4 > ) " 

20 'ST 1 * Varfant ^52^" gf^Ol^NflNM-OOeSOS^I^SOlSe]; 1162: NM 006513 
20 Homo sapiens seryl-tRNA synthetase (SARS), mRNA" ~ ' 

gi|16306547|reflNM_006513.2|[16306547]; 1163: NM 006515 , "Homo sapiens SET domain 
and manner transposase fusion gene (SETMAR), mRNA" 

gi|5730038|ref|NM 0065 15. 1 1[5730038]; 1 164: NM_006530 , "Homo sapiens glioma-amplified 
sequence-41 (GAS41), mRNA", gi!29337287|reflNM_006530.2|[29337287]; 1 1 65 X 006531 
25 "Homo sapiens Probe hT g 737 (polycystic kidney disease, autosomal recessive)" "CTG737) 
^iscnptvanant 2,mRNA", gi|28329438|reflNM_006531.2|[28329438]; 1166: NM 006537 
Homo sapiens ubiquitm specific protease 3 (USP3), mRNA" ~ ' 

gi|5730109^eflNM_006537.1|[5730109]; 1167: NM 006538 ,' "Homo sapiens BCL2-like 11 
(apoptosis facilitator) (BCL2L1 1), transcript variant", "6, mRNA" 

S£? ? f M_006538.1|[5729739]; 1168: NM_006539 , "Homo sapiens calcium channel 
voltage-dependent, gamma subunit 3 (CACNG3), mRNA" wwnnw, 

gi|22027545|reflNM_006539.2|[22027545]; 1 169: NM_006548 , "Homo sapiens IGF-II mRNA- 
NM^n^l^'u (IMP-2), mRNA", gi|34222220MNM_006548.3|[34222220]; ^ 
NM_006554, "Homo sapiens metaxin 2 (MTX2), mRNA" 
35 gi|5729936|reflNM_006554.1|[5729936]; 1171: NM_006556 , "Homo sapiens 

mSTSSSS 1 ^ ^VK) mRNA", gi]20127505|reflNM_006556.2|[20127505]; 1 172: 

NM_006570 , "Homo sapiens Ras-related GTP binding A (RRAGA) mRNA" 

r ma 7 f 9MfJ M - 00657 0.3|[34147579]; 1 173: NM.006577 . "Homo sapiens UDP- 

containing TCP1, subunit 6B (zeta 2) (CCT6B), mRNA" chaperonin 
gi|S729760|ref|NM_006584.1 ([5729760]; 1176:NV[ 006585 
45 reflNM_006585.1|CCT8[6005726], This record waslemporariiy removed by RefSeq staff for 
additional review., , 1 177: NM_006586 , "Homo sapiens trinucleotide repeat con^toming 5 
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(TNRC5 ^mKNA" 5 gi|33942071|ref]NM_006586.2|[33942071];1178:NM 006589 "Homo 
sapiens chromosome 1 open reading frame 2 (ClorG), transcript variant IV n*NA 
gi 381461 15 ref^NM 006589.2|[381461 151- 1179- NM 006593 I t^^r u ^ ■ , 

(1BR1), mRNA", giP254723lU^ 1 

~M fof6irS n ' like 3 ^> ^ A "> ^^^^^K^S^l 
KlK AU » ™ \ ' ^l?!™ C6U lectin - lik « receptor subfamily A, member 1 
(lO^l)A mRNA, gi|5729898M 006622 ^Homo 

sapiens polo-like kinase 2 (Drosophila) (PLK2), mRNA" wuuoewz , Homo 

266( Zt fF266),mRNA : J#*»S4^^o^S^,^S^S^^ , ^ 
Homo sapiens IQ motif containing OTPase aotivating protein 2 (IOGAroi mRNA" ' 
gi|5729886|reflNM_006633.1 |[57298861; 1187- NM 006638 "Ho™ ' , „, 

saptens serologically defined colon caneer antigen 8 SDCCAOS) mBMA" 
g.|28269671|re fl NM_006642.1| [ 28269671 ] ; 1189:N^ 00oo54 !»rStpiens fibroblast 

l isu. NM_O06664 , "Homo sapiens chemokine (C-C motif) lisand 27 reel m rJiNa » 

g. 22W5428|reflblM_006664.2|[22165428] ; 119 : NM oSosl/Hom^pfeS Sliie 2 (F 

ffiKJ *«*■<**». CWBG), mRNA", gi|34222307|reflNM 00^030422230?" 
J.™ NMJW6675 , 'Homo sapiens transmembrane 4 superftmilv member tetm^nL NUT <; 
f^ET-5), mRNA", gi|21264572MNMJ>06675.2|[21264 P 572] ; 1 M« (ST^ 
SS^SwSirT" aSS0date ™, mRNA", gi|5870890|retlNM.00«97. So890]; 

Hike 1 (DNASE1L1), mRNA", ^SSi^^^^S^^S^ ' 

12W NM Sr'J™ *? a ?iS °* NA " fl"«629WflNM J Ws^Sej. 
12U0. NM_006736 , "Homo sapiens DnaJ (Hsp40) homoloe subfamilv 5 mxt a tqo\ 

mRNA", gi|34222304tenNM,00S736.4|[3422 P 2304^ £S£f£$£ S£ TslSsteS 

SSf^""" ■ (RBP4)> ?™ A "- 8'I8400727MNM_006744.2 [84^27* S 2 7 
NM 006745, 'Homo sapiens sterol-C4-methyl oxidaae-like fSC4MOLf mRNA" 
^5723 8M ^ r 0(W74^|f9257238];1203 : NM_0067T7 ^o^Snal-mduced 
proliferation-associated gene 1 (SIPA1), transcript", "variant 2 mRNA" manced 

faSS 1204: sapiens so.ufe eerier 

antigen 2 (SSFA2), mRNA", Jp4222i3^^^&STCSTS3S' 1> 
pyrophosphorVelfUGPa),^ 
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NM 006764 , "Homo sapiens interferon-related developmental regulator 2 dFRD21 mPNA" 
g.|21361365|ref]NM_006764.2|[21361365]; 1209: NM 006777 XomolS^st^ ' 
^o),mRNA»,giKl 152068 Mm0067773|[41152^ 

006?Q? OI ^ m 3 mRNA "' 8 i l 5803 220|ref 1 NM_006784.1|f5803220 ; UU: * 

wT^n I ' T° Sapi ? S P^ roxiredoxin 3 (PRDX3), nuclear gene encoding mitochondrial" 
NM 0068oT S H? VanaUt SSS^ gi ' 32483378 l ref INM_006793.2|[32483378]; 1212: ' 
NM 006801 , Homo sapiens KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein 

STSwST' 1 (ICDELR1 V mR ^ A "' ^230717ieflNM_006801 5^S% 1213: 
NM_006802 , Homo sapiens splicing factor 3a, subunit 3, 60kDa CSF3A3I mRNA" 

gi|5803166MNM_006802.1)[5803166]; 1214: NM 006804 ^omo ^L???At a • 

S ? mA^^, 8 ^ 8 translocase of outer mitochondrial membrane 34 (TOMM34) 
mRNA , gi|40807467|refINM_006809.4|[40807467]; 1216: NM 006813 , "Homo sapiens 
prolme-nch nuclear receptor coactivator 1 (PNRC1) mRNA" ~ 

NM' ^24 T ffle ^ (AF ^ " iRNA " 006818 P 2E SSR 

NM_006824 , "Homo sapiens EBNA1 binding protein 2 (EBNA1BP2") mRNA » 

f' 5 f 3 \ 1 °I^-006824.1| [ 5803110];122?: P NM 0068S "H^saS helicase A1P 
binding 1 (HELIC1), mRNA", gi)24307916|ref]NM 006828 .1 [24307916* ,So 

Homo sapiens ubiquinol-cytochrome c reductase (6 4kl» subunit aJOri\ «Tpma » ' 
gi|19923785MNM_006830.2|[19923785]; 1223: ^^AW/GTP 
bindmgprotein OffiAB), mRNA", gi|5803028|reflNM 1)06831 . [5803^281^4 ^ ^6837 
^COP^ST c ^ ti ve photomorphogenic homolog subunit 5 (AVabidops^ ' 

(COPS5),mRNA",gi|38027922reflNM 006837.2|[38027922]- 1225- NM 006839 \™ 
T^Sr f r membrane protein ' mitochondrial (mi ofilin) (IMMT) mR^\" ' 
g / |5803114|reflNM_006839.1|[5803114]; 1226: NM 006841 , Siolap^ solute carrier 

NM 006843 ^H 61 * ^^^^^SS^^, 
NM_006843, Homo sapiens serine dehydratase (SDS), mRNA" 

? xT 4 x 69 ? 57MNM - 006843 - 2 lt 33469957 ^ 1228: NM 006876 , "Homo sapiens UDP 
° «^o 0 b ,? GaI ^^^^-N-acetylglucosaminyltransfe^e 6", "(B3GOT6) S 
g||5802983|reflNM 006876.1|[5802983]; 1229: NM 006886 , "Homo sapienT^synthase H + 
tonsporting, mitochondrial Fl complex, epsilon", "subunit (ATP5E), nucleTg^ 
mitochondrial protein, mRNA", gi|21327678MNMJ)06886.2|[21327678]; 123? N^ 006901 

l^l. JNM_0069 1 3 , "Homo sapiens ring finger protein 5 (RNF51 mRNA » 
g 1 |3430 5 290MNM_006913.2| [ 34305290]; 123* NM 00mi ,"hC sapiens retinoid X 

K 6 9?r^ (RXRG) ' mRNA "' f l 21361386 MNM_0069n.2|[2136K] 1233 
NM 006923 , "Homo sapiens stromal cell-derived factor 2 (SDF2') mRNA" 
gi|14141194|reflNM 006923.2)[14141 194V 1234- NM 006928 iZn 0 , • -i , 
(mouse) (SILV), mRNA", gi|42542384|re^^^^ 

"Homo sapiens superkiller viralicidic activity 2-like (S. cerevisiae) (skrV2LV' mRNA ' 
gi|20631986|reflNM_006929.3|[20631986]; 1 2 36: NM 006934 ^o^SnSe carrier 
family 6 (neurotransmitter transporter, glycine),", "member 9 (sLc6,5), ^pfvSan^ 
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mRNA", gi|5902093|reflNM 006934 .1 1[59020931- 1237- NM 006Q4* »u rt ™ • ^ 

NM_006949 , Homo sapiens syntaxin binding protein 2 (STXBP21 mRNA " 
5 ~"l-flNM-0^4O.l|C5902.27] ; 1239? N M.00695™iromo^L , Sy nap S in I 

10 ^riOA^ ^ST T™, o° 1U , te C ™ er 39 < zta0 ^porter), member 7 

10 (SI.C39A7) > ^m^mA,gl|5901935reflNM_006979J|[5901935];1243•NM OoSso »H™™ 
sapiens transcription termination factor, mitochondrial (^R^ „„ c ie„» 
mjrocbondrial protein, mRNA", gi|14790134M|NM oUsO^i^OW]- ?244^to6982 
Homo sapiens cartilage paired-class homeoprotein UCART1) mRNA" N M_006982 , 

15 ^90'ioi! |re£|NM - 006982 - 1|[5901917 ]- 12 « :N ^ 006^, "irornotarie^ctodta 10 

mRNA ', gill 10386S3|ref|NM_006988.2|[l 10386531; 1248- NM 006992 "H^^Ln-i 

25 SS^^S'ff^ 

polyadenylation specific factor 6, 68kDa (CPSFoT! Sa» ' P 'k^ 8 * 

gi|5901927|ref]NM 007007. 1 |[5901927M254- NM 007nno "w™ • „ . 

30 bmdingprotein (ZPBP), mRNA", ^{S^S.,^^™ 1 ^,, 

.^■S !«JS 0m0 Sapiens elastin mi <*ofibril interfacer 1 (EMILINn mRNA" 
gi|5901943 reflNM 007046. 1|[5901 9431- 1262- NM 007nsn »u ' • 

pho^haeaae, receptor type, iK'^S m^NA"*^ PK>tem ^- 
gt 19743928 ref|NM 007050.311197439281- 126V NMnSaVi^r * • 
45 aasociated factor 1 (FAF1), traLn^Sl^rnR^ 07051 ' H ° m ° FaS f™™^ 

g.|19528653 N flNM.00705 1 .2 l [,9528653]; 1264: NM.007056 , "Homo sapiens splicing factor, 
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"iSf^™?* \ 6 "' "( su PP r «*°r-of-white-apricothomolog, Drosonhilal iSFRStffl 
mRNA'', gi|5902129MNM 007056.1|[59021291- 1265- MM OOTmo TO™ ( SFRS1S >; . 

mRNA", gi|7549818MNM 00708 Iw^uftv^^kFT*' ' 5 
(nucleoside diphosphate linked moiety »-We motif 6 WID^i ' T ""J"™ m ' d "' 
gi|37594465|reflNM <KW083.3|[3759*W5M275 ™ "oo^S »H "™ tI "!"™ t l>mKNA", 
receptor, gamma (traislocon -associated^?' ■^^U^^T™ 
SiP8416942| re flNM_007107.2|[28416942];l?7o-S^0711^ "• ™* , 

175 (Zm7 5 ), mRNA", •»7W MM |^ 0 ^^S^a?Mn^ ,, * h 
Homo sapiens zinc finger protein 184 (Kruppel-like^ rZNFl 84^ IdZ «m_007149 , 
£|24307934|ref|NM_007^ . fl 

protein 195 (ZNF195), mRNA", ^m^coim^^i^^^ *g» 
Homo sapiens NRAS-related gene (D1S155E) mRNA" IL ° uu;)y/J J' 1283 - NM_007158 , 

ass srsr • 

MM 007208 , 'Homo sapiens mitochondrial ribosomal protein L3 rMRP r> \t„f. 
SffiJW^^SSSS? l290 P NM O^^ 2 (C ' 2 ° ""^^A, 

Emo 2 J^\^ A "*^ 

Pudlak syndrome 5CHPSS), transcript variant 2,^A» ' ^ 
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gi|31657126|ref|NM 0072 1 6.3 1[3 16571261- 1293- NM 007917 »tw,„ 

cell death 10 (PDCD10), transcript variant ' ^ V™*"*** 

gi|22538790|reflNM 007217.3|[225387901; 1294- NM 007221 '-H^^o^ i 

«Tr2oI2i? • H ° m ° Sapiens protem kinase C and casein kinase, substrate in neuro™ ? 
"(PACSIN2),mRNA«', gi|6005825|reflNM_007229.1|[6005825]; ?296 Nl£ 00723 ''Homo 
Sa ZT?»° l T Catrier famiI ^ 6 ("^transmitter transporter), member li-YSlLeil'^ 
f^ i^'S^^Y 1 ^ 1 ^ 129?: «M -00723*4 ^sa^'dynactin 
10 1298 NM ^^^R CnP Vanant mRNA "' 8 i l 22165 423|reflNM_007234.3|[2216542S 
rXPnTT-pS" if ? iens ex P ortin > ™A (nuclear export receptor for tRNAsf 
(XPOT) mRNA", gi|40217845|refINM_007235.3|[40217845]; 1299: NM 007246 «HoL 
sapiens kelch-like 2, Mayven (Drosophila) (KLHL2), mRNA" NM - W724 6 , Homo 

gj|21359895|reflNM_007246.2|[21359895]; 1300: NM 007252 , "Homo sapiens POU dn™.. 

15 f3 a 0TUT072 P 5 r^ tOr 2 ««^*ipS^^ 

m?i %^r£ £ 4 ' H ° m ° Sapiens Polynucleotide kinase 3 '-phosphatase (PNKF) mRNA 
gi 31543418|reflNM_007254.2|[31543418]; 1302: NM 007262, Co S£J ' 
disease (autosomal recessive, early onset) 7 (PARK7) r mRNA Parkinson 

gx|34222306|reflNM_007262.3|[34222306]; 1303: NM 007263 "Homo sapiens coatomer 
protein complex, subunit epsilon (COPE), transcript" 'Variant 1 mRNA * coatomer 
20 gi|40805821|ref]NM 0072633|[4080582lV 1304 !w ^ ' • , 

= r(AD^ 

Homo sapiens suppressor of S. cerevisiae gcr2 (HSGT1) mRNA" ^m_uu/^b3 , 

gi|6005783|ref|NM 007265 .1|[60057831- 1306- NM 007270 "rJ™ o • t^^ L - 

«e) (SEi^f), ^glpt utfi^ 

"Homo sapiens GABA(A) receptor-associated protein (GABARAP Hi VM - 00121i • 
gt|6005763 rerlNM_007278.1|[60057631;1310-NM 0072^^f™„T^ ^ •. 

Homo sapiens GABA(A) receptor-associated protein-like 2 < GABABAPI.i S ' 
gi27374999|ref|NM 007285.6I1273749991- m 2 - NM Bonn ? mRNA " 

nucieonde binding protein (G pLSn) alpha U K^Sn?"" 
gt|42476110|re«lNM 007353.2|[4247oll0V 1313 r«7m ^ 

40 ^mS" »vSo J'STr^r btading Pr ° tein mS-Satei with 

w lethal , yellow) (RALY), transcript variant 2, mRNA" 

gi|21396479|reflNM_007367.2|t21396479]; 1317: NM '007373 , "Homo sapiens soc-2 
suppressor of clear homolog (C. elegans) (SHOC2), mRNA" 
gi41281397|reflNM 007373.2I[412813971- 1318- NM fMY7r7A 

45 ^S^hS!^ 
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sapiens general transcription factor inC, polypeptide 3 102kDa rGTFi™ »• w,t>xt a 
^9 12 397MNM_^ 

transcription factor IHC, polypeptide 5, 63kDa (GTF3C5) » mRNA 
gi|6912401|ref|NM 012087.1|[691240 1: 1322 ^ 012096^^0 oa ■ a 
5 ^tainmgpHdoml^^ 

gi 6912241 reflNM 012096.1|[69122411- 1323- NM ni9naV «6 ** ™ ' 

10 site APP-cleaving enzyme (BACE), transept variant a nJRN^f"" ' m0 ^Ptcnsbeta- 

gi|21040369MNM 012104.2I[21(M0369V 132?W n^nV 'm • , 

cleaving enzyme 2 (BACE2), L^ vS,S ' S " P,enS AK> - 

gi|21040358|ref)NM_012105.3|[210403581: 1327- NM 012111 -n, . • 

^,^-associated protein homolog (Xenopus laevis)" » OKcS mR^A' ' 
gi|40354199reflNM 012112.4|[40354199> 1329- NM 012124 •Si',^ ' 

associated putative-guanine nucleotide eic^^rmELGB^ " ^ 

gi|40548400|ref|NMJ)121392|[40548400^^ , • 

25 axonemal, intermediate polypeptide 1 (DNAI 1), mRNA" ' H ° m ° Sapiens 
gi|22212919|ref|NM 012144.2|[222129191- 1334- NM 0191 *9 »w 

g|6912347|reflNM_012152.1|[6912347]; 1335: NM 012160 , "Home ^ salens Fbo^and 

gi|7549806lrefTKM 012^J^ 8 ^3^^l^^ 2 mRNA "' 
2 (FBX02), mRNA", g^Sl^M^ 

T^]^ 2? y Pr ° tein 22 0PBXO22). Script variant 2 miNA" NM -° 1217 ° * Homo 
gi|22547147 reflNM 012170.2|[225471471- 1339- NM 01917t^h ' • ^ 
35 prctein 5 (FBXOSXmRNA., Jl.SmiSO^K^ Sg^T^N^ 0^79 
Homo sapiens F-box only protein 7 (FBX07) mRNA" 01 ^ U J» "W. IMM_012179 , 

gi|15812192|ref]NM 012179.2|ri58121921- 1341-NM 0191 so "%i ■ 
Bl (FOXB1X mRNA", gi|l 1386194^ 

40 STi?^^ ° 3 ^ FOXD3> ' n * NA "" AeflNM S i 3 43 m ° 

^sS?™ 1 H ° m ° Sapiens P utativ e tumor suppressor (FUS2) "mRNA" 
gi|6912379 reflNM 012191.1|[6912379V 1344- NM 0191Q9 »w • 
homolog (rat) (FXCn mRNA" ^oai^tZ «™7 ^?i? 2 ' Homo sapiens fracture callus 1 
«iu6^ M rA^ij,mKlNA ,gi|29837656 reflNM 012192.2ir298376561- n4S- Niv/r nioioo 

' P f 6nS g^^ 1 ^. EF-hand calcium binding" protein (GCM^A" NM "° 12198 

gi|21614521 reflNM 012198.2|[216145211- 1346- NM 0i 79ni • ' 

*5 transcription factor fflC, polype^d 4 flc^^TOcJ) ^T"" 0 ^ 
gi|69 1 2399,reflNM_012204,, [ 6912399 ] ; 1347: ( S 
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^.coh)(MUTYH) mRNA»,gi|6912519|reflNM 012222.1|[69125191; 1348- NM 012237 
Homo sapiens sxrtum (silent mating type ^formation regulation 2 homolog) 2 ^"cerevSa'e) 
R 2 7 £f Vanant >> «** A "> gi|13775599|re£ I NM_012237.2|[13775599]; U49 ^ 

family 27 (fatty acid transporter), member i i \S ^ 0inkr 
gi|13325056|reflNM 012254.1|[13325056V 1351- NM 0129^ <t' . „ 

™ 2 (ZNF^12), mRNA", gl|247$6*^ 

salens kelch-like ECH-associated protein 1 (KEAP 1) mRNA." NM - 012289 ' Homo 
gi|22027641|ref]NM_012289.2|[220276411- 1357^NM 0123 fl ' "ff nm • ™ . 
determinant of recA protein homolog (n^S'S ' SaP16nS 

20 &£ 6 ^ 

20 phosphatidylmositol glycan, class N (PIGN) transcriDtWiW ? » X i 

£S r flNM -l° 1239 / I|[69I2589]; 1364: MHJ^S!*-. sapiens 
phosphohdyhnositol transfer protein, beta (PrrPNBl mRNA" 

^ 199 23401MNM_012399.2|tl99i3401]- !3(Km , Homo sapiens ADP 
nbosylatton factor interacting protein 2 (arfaptin 2), "(ARFIP2, mRNA" 

/in ^"PPressor protein 1 (RSU1), transcript vanant 1, mRNA" 
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sapiens translocase of inner mitochondrial memh^Ti ! ]; 3?5: N"- 012456 > Homo 

5 muWd^ (yeast), "(TIMM10), mRNA", 

mitochondrial membrane 13 homolog ffl?? 8 ' ?° m ° Sapiens ^ocase of inner 

protein, mRNA", gi|27436898|ref]NM 012458 S^SgH^S ^f* 8 mitoc hondrial 
translocase of inner mitochondrial membrane 8 hoJS' 17 12459 • Homo sa P ie ™ 

gi 6912711|ref|NM_012459.1| [ 691?7n^ Wg-SS^SgJiS?*' **NA", 
10 imtochondrial membrane 9 homolog mS^?" Sapi6nS translocase of inner 
gi|21359892|reflNM 012460 2|r2135989^^7Q^A^^ 

(TRFl)-interacting iluOmr^i^^ 1 ^^^^ ' " H ° mo sa P iens TERF1 . 
1380: NM 012481 ''H™™ « • ( T F^' mRNA . © 6912715 reflNM 012461 lir69127isi. 

transcn^rvarifnt'l tXL^S,^^ SUbfami * 1A * 3 <A«2» (Sl^' 
15 'Home > a ^^i^^^T^ 13 ^ 1 ^ 711 
gi|40255235 reflNM 012482 3^40255215 
cell death 6 (PDCD6), -RNA^S^^ 

Homo sapiens nuclear RNase HI Drosha flWAWm? Sr ?P 2027539 ^ 138 3: NM_013235 , 
f21359821 M NM_013235.2|pi?^ . ^ 

20 homolog, subfamily D, member 1 (DNAJD1) mRNA' ' ° S&PlenS DnaJ 

8x|7019452|reflNM_013238.1|[7019452]; 1385^ 013241 -R • . 

2 domain containing 1 (FHOD1) mRNA" ril70iOT7Ai «xi; Homo sapiens formin homology 
NM_013242 , "Homo sapiens likeW^hoWnf L ?4|ref ' NM - 0132 41.1|[7019374]; 1386: 
^K2716281 M NM_013V2S 

3K£S C mRNA "' ef>^W^S 

fanase 1 (TBK1), mRNA", m^Zl^^^^^^^^^^V^ 
regulator protein (HCNGP) mRNA" oil2i ifii 7ioi ~ H/, m ° sa P iens transcriptional 

SSssrss? 1 protein) « alpha 3 (ciWax mwS- ' mo sapiens catenin 

gi7019570|refINM_013266J|[7019570]:1395-N^32fi7 « W • , 

mitochondrial glutaminase roA^ «M 01 3267 , "Homo sapiens liver 

variant 1, mRl^^^po^362^]refflNI^ W3^^ir2Mi!fi7i^ t0 i C * 10n( ^ al pr ° tein > 
sapiens testes-specific protease 50 (^5^nS» 362 13]j 1396: NM - 01 3270 , "Homo 
g31543829|reflNM_013270.2|[31543829] -S^NM 011974 «n 

(DNA directed), lambda (POLL) mRNA" o£ri^7? H ° m ° Sapiens Polymerase 
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Sm d ^H mU(POLM, ' mE f ,A ' , ' gi|7019492 ^ f i NM 013284.1IP0194921- 1401- 

1406- NM : 013324 !• '-^ 1 gi|23111022|ref|NM 013322.2|[231 110221- 

- 013326 • 

cells 7, protein expressed in" Wi^ NM_013330 , "Homo sapiens non-metastatic 

g.|3188 1 778|reflNM_013335.2|[318817781- 14U^M oTSfi » H • „ 

sys&rsE <SEC6,A1) ' ^ • S^&Si Swsssss 

8l|380268 9I | r ; fl NM_0133Tw!lFo2689lf^ 

heterozygosity, 3, chromosomal red on 2 E erte A homr^l ? ^sT*™ 0 ,oss of 

1421- NM 01337S (PDCD6IP), mRNA", gi|22027537|ref|NM 013374.2|r22027537V 

cytochrome c reductase comply (7.2 kD) (raPC05» rrS ' !aP,enS ubi 1 uino1 - 

^. 2 S 1 884 M ^_ 01 3387V.28 18 «« A 2: . HOTO ^ n ^ Kc ^ 
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5 NM 013441 , 'Homo sapiens Down " ' ^'l- 013403 - 1 ^ 019572 ]; »«•= 

stomatm (EPB72)-like 2 CSTOIMT <?\ m i>xr a ■ i -tnJjJUz . INM - 013 442 , "Homo sapiens 

NM_014Jl2/'HU OS ap™^ 1433: 
£|35493898|ref^^ (REM), mRNA", 

10 (LR8), mRNA", gi|21361500|ref|NM 014020 ^2lr2n^nm xrf ° Sapi6nS LR8 P rotein 

12kDa (SPC12), mRNA", ^7661745^^ b^f lt^; lA^AT™ peptidase 
15 sapiens unc-50 homolog (C. elegans) UN^m^NA^ ^ M3 * > "Homo 

gi|37059764|reflNM_014044.4|[37059764]; 1439™NM 0 'l4045 "Ho™ • , „ 
Apoprotein receptor-related protein 10 (LRP10) mRNA" ' ^ ! ° W density 

gi|32490558|ref]NM_014045.2|[32490558]- 1440^M 0 'l4047 » W 

protein (HSPC023), mRNA" 174 . tJ^w ni^i ? 7 ' Homo sa P iens HSPC023 

"(CDV-1), mRNA", gI|32S265»S3S^£ ^SSSS^TSSffS? * Ven " rido 
25 sapiens response gene to complern J 1 32 ( S« ^ : NM - 014059 • "Homo 
g 1 |7662650|refINM_014059.1|[7662650]; 1445: NM 6^^6 U m , • 
amplified sequence 1 (MCTStt mRNA" crirr^JnTu *^*«? Wno sapiens mali 8™mt T cell 

gi|33469986|refINM_014065.2|[33469986] ; 1447 NM SSS^ ' "Ho™ • fc 
30 open reading frame 15 (C6orfl5} mRNA" oift^JSa ~ ° m ° sapiens chromosome 6 

NM.014099 , , ref]NM 014^99 ^ 14 48: 
staff for ^m^t^^U^^Si^^ ^ temP °r ly rem ° Ved ^ RefSe 1 
mRNA", gi|24497617|ref]NM 014109 21^44^7^ 

PRO0038 protein (PROOOSSfmRNA" SSS?i « 1 J2£ ^~° 141 13 ' " Homo sa P iens 
35 NM 014117 , "Homo u^S^^SS^ 0 ^^^ ^51: 
gi|38016918|refINM 0141 17.2|[38016918V 14?? £m m^'-S^*^ 

TTiis record was tm^on^^^^^J^ 1 ^ > • f NM_014124.1|[7662541], 

145* 

8i|7d626M| W ^014lVl|[76S^w^ M4?45 *S° 21 < C1 lorf2 })> 
G open reading frame 30 (C20orf30), mRNA" ^Um^Si ^7°™°! f &pienS chrom osome 20 
NM 014155 , "Homo sapiens HsSp*^ 1458: 
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CSSSSr? U59: 161 • " H ™° mitochondrial 

prctein (HSPC072), mRNA", gi|7661779|reflNM 01«£ " [7661 ^STS? 014W4 
opening ta» 66 (C60A .aS^SSjS^ ^fS^™ 6 

NM_014173 , "Homo sapiens HSPC142 protein (HSPC142^ mRNA" 
gi|7661801|reflNM_014173.1|[7661801]; 1466 ?NM [ 014174 • * 

Homo sapiens HSPC171 protein (HSPC171) mRNA" ' NM-014187 , 

gi|20143980|refINM 0142343^143985^7^01^^^^" t, • • 
30 (UBL4), mRNA", rfFKfiS*^ * 

•|^t^ er JS ephOSphate °- ac y^ferase (GNPAT), mRNA" NM "° 14236 ' Homo 

mRNA", gi|21265036|reflNM_014243.1|[21265036]; 1481- NM 014245 "H™^T • 
finger protein 7 (RNF7), transcript variant 1, mRNA" WM - 014245 • H °™ sapaens nng 
gi|34304329|reflNM 014245.2|[343043291- 1482- N1W maoa* «tj ■ , 

ss^h 2 rsYCP2) - V* -W^wi^Esss^sr 1 
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mRNA" , ^|21536389|ref]NM_014273.2|[21536389]- 1487- NM 01427S »u 
mannosyl(alpha-l,3-)-glycoprotein" "beta 1 4 ^ -L i , JNM -? 14275 . Homo sapiens 
(MGAT4B), Lnscnpt* 'Variant rnl^A"^ isoenzyme B 

NM_014276 , Homo sapieTrecomo^ 
5 like (RBPSUHL), mRNA", gSSSSJ^ 

"Homo sapiens heat shock protein (hspl 0 ffiSS* NM.014278 , 
gi|31541940|ref]NM_014278.2|[3l5419401- 149C E 147 ' 

open reading frame 9 (Clorf9) mRNA" tillQM^- J^? n\ ?° m ° Sapiens ch ">mo S ome 1 
NM 014288 , "Homo sapiens S • 1 653 NflNM_014283.2|[29837653]; 1491: 
10 mRNA", ^O^SS (rTGB3BP), 
repeat associator with PCTAIRE 2 (PaWS'rnZi « M_014290 , "Homo sapiens tudor 
^24307950|reflNMJ>^^ 

(CAPN7), mRNA", gi|41327720MlNM 0 4296 2W1 3277201 -'l ^7^^^ 7 
sapiens nitrogen fixation cluster-like (N1FIJ) niRNA" L NM- 0143 ™ , "Homo 

15 8i|24307952|reflNM_014301.1|[24307952]7i4^M 014302 "Ho • o 

subunit (SEC61G), mRNA", gi| 1 4591933 |ref]NM oi43oT 2 l^ g3mma 
"Homo sapiens pescadillo homolog 1 containing RRrr > l ' w ? £ 1496: ^-014303 , 

4,6-dehydratase (TGDS), mRNA" S \\1657k^W.^S}^ ' H ° m ° Sapiens TDP-glucose 
20 , "Homo sapiens phosphoSi^^ !498: NM 014308 

pdk) mRNA-, fc&4535LSsa ^ESSSSh^S^SFSSSf 1 ^ w " 01 : 

kelch domain containing 2 (KLHDC2") mRNA" «i7*w/iS 014315 > Homo sapiens 

NM 014317 , "Homo sfpiens SSX^^S^A-^ 15 ' 1 ^ 6573 ^ 15 °° : 
8 1 l 11 863164|refINM_014317.2|[11863164]T^ . 
25 nuclear membrane protein (MAN1) mRNA" ri 3o987 nit Sa^S 0 S&pienS integral inner 
NM_014322 , "Homo sapiensops iaT^LlS™ • 87116 l re fl N M- 014 319.3|[36287116]; 1502: 
g7657070MNM_01432ri^ 

(RCD-8), mRNA", gi|21361430|reflNM 0U^^?^^ Omo sapiens autoantigen 

30 Sap ^« £2£2SL £sDSX m 1504: NM -° 14338 • "Homo 

30 gi|34147578|ref]NM_0143383|[34147578]; 1505 ^0H342 "TT, 

earner homolog 2 (C elegans) (MTCH2) nuclear » ^ ° m ° Sapiens mitochondrial 

mRNA^ 8iK02548Wef^_0^4^0 2 ^^^^ P^in, 

Co d i 348 1 < 5S2£S£3?^' f 87 ¥ 

35 mRNA",gi,705^ ° ? ' 
transition factor related, locus 8 (DrLphila) (NJ^' ^ ' m0 Sapie " S 103 

?5ii 77776|reflNM - 014360 - 2 l[3 1377776^1509^^01436^ ' 
(CNTN5), transcript variant 1 mRNA" MiSm'^ SHI b Homo sapiens contactin 5 
NM_014364 , "Homo sapTen ' g^d^hS' S 151 <* 
4 0 (GAPDS),", mRNA, gi|342223 8 UMNM ^IwSKj^ 

sapiens heat shock 27kDa protein 8 (H^PBS) m^A" 3 1 ' N™- 014365 ■ "Homo 

^8016940|refINM_014365.2|[380 6940]; ;15U-NM 014366 "w 

(NS), mRNA", gi|37497106|ref)NM 014366 3ir374Q^ni i^o S™ 0 Sapiens nucI eostemin 
LIM homeobox 6 (LHX6), tUcnpc varia^U ^ NM ~° 14368 ' *>piens 

45 8il 4 0549416!reflNM_014368.2|[40549416]ri51^bl4372 "W • • 

Protem 11 (RNF1 1), mRNA", Si^M^ 
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nuclease domain containing 1 SND1) SS^n ' 2£?° Sapiens ^hylococcal 
NM_014391 , "Homo sapifns SSfa ^'re^donS! m ^! 430 j5 e£ i NM -?14390.1|[7657430]; 1517: 
5 8i|38327521 N f|NM_014 P 391.2|K5^ri5!r^ ftS? "T^ ( Als f KRD1 )> mRNA", 
mass ubiquinone-binding protein (9 5kE» ?OP rV« i ' mo sa P ie «s low molecular 
protein, mRNA", gi|27894387|ref]NM 014402 jfofSSS ^T^^ 8 mitoch <>ndrial 
sapiens TAF5-like RNA polymeria ^ D 30(VrRP 75 I 519 '" ^-014409 , "Homo 

gi 231 1 1045|refjNM 014426 2lr23V n?2? i iS^S tamscn P t vari *nt 2, mRNA", 

15 , (CPNE7), transcript v^^S 

NM 014429 " Hn ^ n _ ' m . KJNA /Sil 2514 l 3 26reflNM 014427.3|r251413261- 

inducing DFFA-like effector b^^'^^J^l^ CeU death " 

1526: NM 014432 »R ftmnM • , , » S 1 |7656978 refpSTM 014430 llr76569781- 

family 39 (J™ L^SS S S 37 ' " H0m ° «** ^cr 

NM_014453 , "Homo sapiens outS^ta^ .SZ^^ 1 ^^^^-Pi^W- l|l7fiS7Q91] ; 1529: 
25 t.nscript", "variant 1, -RNA^Xv^ 

Homo sapiens protocadherin 17 (PCDH17) mpSjA" ,C 936J; 1530: ^-014459 , 

& 14589926|ref|NM 014459 2 ir 145899961 .iSTal 

homolog, U6 small nuclear RNA Associated S cL^v^' " Hom ° Sapiens LSM1 
9 gi|7657312|ref]NM 014462^765^3 wfsv'. S ^ M1) ' mRNA "' 
30 (testicular) (TEKT2) mRNA" ^S?T? 14466 ' Homo sa P iens tektin 2 

cofactor synthesis 3 (MOCS3 mRNA" ' rim £«5i£ tS/ . Hom ° Sapiens molybdenum 
NM_014504 , "Homo sapiens RAB^L? ! 3 165 1 2257 > f l NM -°14484.3|[3 1652257]; 1535: 

35 mRNA", g^W^O^^ 1 (P^BGEFl), 

potassium large conductence^alcium activ»/eH S' i N ^- 0145 05 , "Homo sapiens 
(KCNMB4), mRNA", So5^ M '"> " beta member 4 

sapiens torsin family ifS^ 1537: NM.014506 , "Homo 

gi|14149652|reflNM 014506 l|ri4149652> 1 vS -™ ' 

40 CoAacyl carrier protein transacvlase fmalLvS ^- 01 , 4507 ■ Ho ™ sapiens malonyl- 
g|274 770 44M>L.01450T^ 

gi|7657350MNM_0 O l S 45 P 2ri ^ 
(neuronal) (TMOD2), mRNA" ffl|40789262lrpffl^;-n lei! ^ lr H ° m0 Sapiens twpomodulin 2 
. "Homo sapiens Woe^^ 
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gi|38044279|refINM_014563.2|[38044279]; 1543- NM 014565 »H nmnMn - 

receptor, family 1, subfamily A member 1 (ORlAlTm^A" ' * * 

gi|7657420|reflNM 014565.1|[76574201- 1544- NM m 2^7 • , 

split related with YRPW motif-hke f cSyL) „W ' ^ Sapi6nS ^^cer-of- 

gi|19923414|reflNM_014571.2|[19923414]; 1545- NM 014580 "Hm™ oan - 

family 2, (facilitated glucose transporter) member 8" -YSLC^A^ ^SSl ** * ^ Camer 

Homo sapiens visual system homeobox 1 homoloi, CHX10- like fzebrafisS S 1 ' 
^scnpt variant 1, mRNA", gi|40806214MNM 014588 4 I^S^lfJsS^Ol^ 

Homo sapiens 5', 3 '-nucleotidase, cytosolic (NT5Q mRNA" NM_014595 , 

gi 7657032|ref]NM_014595.1|[7657032]; 1549' NM U^02 '"Ho™ ca : u u 
3-kinase, regulatory subunit 4, p!50 (PK3R4V" mRNA ' P MM P hos P ho ™sitide- 

^3943911|reflNM_014602.1|[23943911];1550:N^ 014606 ,, reflNM 014606 11176571 511 

by RefSeq staff for additional ^155^ L 
S^S^S&S 1 (CYFIPl)^mRNA ,, ) 

. 537] ; 1553 - 

antigen (MEA), mRNA", gi|76 0^ 

sapiens nephrosis 2, idiopathic, steroid-resistant (podoc n^HsV^>S?- ' H ° m ° 

gi|7657614|reflNM 014625. 1|[76576141- 1 556- K 4698 mR1 ? A \ 

^281^ ^^ H ^\ ' 

binding protein 1 (teWricopeptide ^^^^^(^^^^^ SH2 d ° main 
gi|41281407|ref]NM 0146 3 LVl28?407 hSS^f 

(IP013), mRNA", gi|41281424 reflNM 01465 ^2ir^M94l ,%<oT^ ienS ""P 0 **" 13 
sapiens KIAA0406 gene product (S0I06) S" * ^ NM - 014657 > " Ho ™ 

K ^w^uToT^ temporaii,y f moved * ^ 

^mi45 5 ,re^4^ 

"Sol 1 m ?' A "- 8iK13277i4|refl^0?l7083i[4?^7SvT56r n ^^ 

(KIAA0247), mRNA", gi|4128 456|refS 01473«ir4 2 8 ?45^ ?™ TfL^ 0247 
sapiens KIAA0195 gene pn>duc (kLiAO 195), mRNA ^ = NM - 014738 • "*>«> 
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salens BMSl-Hke, ribosome assembly protein (yeastV ffiMSlf.1 ' H ° m ° 
?57^K^f ^014757 S ^^?? ase * (^"DSS 1), mRNA", gi|7662646|ref]NM ^11 4754J |[7662646]' 
This record was temporarily removed by RefSeq staff for additional rS; 1577 ll7662W7 l- 
"g-teM^ 

fARHGEPM i » r° Sa ?'? nS ^ gUa,ltae ™*o.Me exchange actor (GEF) U 

0^4785^^01^^ 
RefSeq staff for addifcSdew 158 ' iSl S "S^ ™ '""P^y ^oved by 
nucleotide exchange factor (GEFH7 "J^fm S^A? **" 
gt|21361457|ref|NM 014786.2|[213614571- 1582-NM 011701 ir 

et "jp - 1 ' » rei )iNivi_vji^/y /.l||7662127], This record was temporarilv removed hv 
Kelbeq staff for additional review 1584- "MM niAsn* »tr • ^r** 1 "* rcmovea oy 

subuni, P44S.0 (p44S10), ^KmA^I^KSSS? fSftStt 
Sffi ^^^KfS?" 1 .™* «™P»"rily removed by RefSeq-steff for 

»K1281520MNM_014865.2|[4128 15 20] ; 1594 : MM 014867 ^SnMM«CT 11,7662259! 

cross-link repair 1A (PS02 homolog, S. ceretisiae) ItcSmaT" ™Rlol Sap,CTS DNA 

gi|42734318|ref|NM 014881 .2|[42734318ri S Z w m^s^'.H ' • ™„ 

NM.014888 , Homo saptens ftmtly with sequence similarity 3, member C (FaSq^a',' 
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gi|7661713|reflNM_014888.1|[76617131-1602-NM 014S80 «w 
metalloproteinase 1 (PITRM1) mRNA" itmSfeS? iiv /JSS! Sapi6n$ pitrilysin 
NM 014892 , , reflNM M^JTOS^Sl ^ ^. 2060|re f IM - 014889 -2|[41352060]; 1603: 
staff" for additional 

5 (^4),xnI^giK27^ 

Sa fc^ ^ PDZ d ° main contain^gTSS f ^014907 , "Homo 

KM niAoi/i nu y iuvea °y Ket ^ e q staff for additional review 1607- 

JNM_U14914 , "Homo sapiens centaurin cramma 9 rr»pxrrr^\ t>xt 7« * 5 

15 gi|38327540reflNM_0I4937.2|[383275401- 1611- NM niioso JSt^ ' . 

^'071076^_o 1 4^S^SXT.5 , oS^r^ A "- • 
precursors 1 (POP1), mRNA" ril2^00790i ^flMxi ^5 cniS .7 ,r ' Homo sa P lens processing of 

25 ••Homo sapiais JSS fflHJS2£22S jS2S!S IT ™V> I5 ° 39 • 
1, mRNA", gi|25141321|rei)NM 015039 2^2514n?n £?^3 tons ™P<". "variant 

^o«r 2) >™s 

it "^ 18 (KIF1B >' vanto ifrnJ^A" 015074 ' HOm ° 

gi|41393562reflNM 015074.2|[413935621- 1621- NM mSne .Irr 

guantae-rmcleotide Change tea,S« ' S, 5078 ' H ° m ° »>*»» *"» ^ 
g.|31742504|ref|NM_015078.2|[317425041M622 NM oi^oso » H 

40 biogenesis regulator homolog (S. c^L ^J^-^lf ' Homo a*"™ K^ 1 >*oaome 
g|34147329MNM_015169i|[34^7^^r^'S^ „„ 

45 protein (KIAA0433f mRNA" riUioii «Si 16 ' Homo sa P iens KIAA0433 

"Homo Uena iJZ^S^g^g™^™""* ™« ™ 0,5254 , 
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ff|13194196)reJNM_015254.11[13 194196]; 1631: NM_015292 . Homo sapiens likely ortholog 
of mouse membrane bound C2 domain containing, "protein (MBC2) mRNA" 

8i| \ 414 SiT- 015292 ' 1|[14149679 ^ 163 * ™ 0W3« > "Hom^apie'ns formin binding 
protein 4 (FNBP4), mRNA", gi|24308032MNM_015308.1|[24308032]; 103:1^5316 
« 0 x?*° ( f ap .f nS pr0tein P hos P hatase !» regulatory (inhibitor) subunit 13B", "(PPP1RT3B) ' 
mRNA", g 1 |18699719|reflNM_015316.1|[18699719]; 1634: NM 015318 "So sapiens 
rho/rac guanine nucleotide exchange factor (GEF) 18 (ARHGEF1 8) " mRNA 

ffi^^-Vl^i^ 6 ** ^- 01 ^ 31 • "Ho^ts nicastrin 
(NCSTN), mRNA", gi|24638432|ref|NM_01 533 1.1|[2463 8432]; 1636: NM 015339 "Homo 

10 sapiens activity-dependent neuroprotector (ADNP), transcript variant 1 rnKNA ' 

g^l563504|reflNM_015339.2|[3 1563504]; 1637: NM 015341 /mmVsaStbarren homolo B 
(Drosophila) (BRRN1), mRNA", gi|25121986|reflNM 1)1534 1 Jl^i^T^SSS 
, Homo sapiens dullard homolog (Xenopus laevis) (DULLARD) mRNA" 

15 23l8 M^/l^ 3 .3|[34222318]; 1639: NM_015358 , "Homo sapiens zinc finger, 

15 CW-type with coiled-coil domain 3 (ZCWCC3) mRNA" 

frame 109 (C6orfl09), mRNA", gi|7661641|refINM 015388 1|[7661641]; 1645 NM 0^5393 
"Homo sapiens DKFZP564O0823 protein (DKFZP564O0823) mRNA" N™- 015393 » 

25 Si! 31,re ^ M - 0 \ 5 ^ 1 l C o 76 f 1631]; 16461 NM-015399 , "Homo sapiens breast cancer 
Nt?oT 5 407 P " r W eSSOr ^r\£S^ A "* gi|24475631|reflNM_015399 P 2|[24475631]; 1647: 
^7? ~ 7 ' H ° m0 Sapiens DKFZP5640243 protein (DKFZP5640243) mRNA" 

f tlfr ^L3 2 6 8 S^ 5407 - 3|[34147328]; 1648: NM -^ 15414 • "Homo sip^fribosomal 
1649^ 0^^ 

™ mii i S?r5 i, 6 ' H ° m ° sapiens cervical cancer 1 Protooncogene (HCCR1), mRNA" 

30 gi|21166356|reflNM_015416.2|[21166356]; 1650: NM 015439 , "Homo saWnsSnosome 6 

JSTSSJS ^Homo 0 sint^f^"' 8i|3 1083 ^M^O^^ ™ n~U 
jnm_ui:>48U , Homo sapiens pohovirus receptor-related 3 CPVRL3) mRNA" 

g 1 11386198|ref^M_015480.1| [ 11386198]; 1652: NM 015484^[om^ens GCIP- 

™T?f«r;S np29 (P29) ' mRNA "' g i l 7661 6 3 5|refINM_015484.1|[7661635]; 1653: 
35 NM_015485 , "Homo sapiens RWD domain containing 3 (RWDD3) mRNA" 

gi|21361481|refimi_015485.2|[21361481]; 1654: NM%15490 , "Ho^ens SEC31-like 2 
(S. cerevisiae) (SEC31L2), transcript variant 1, mRNA" 

S^^ffi^- 0 ? 5 ^' 3|[38149839:,; 1655: ^-015509 , "Homo sapiens 
DKFZP566B183 protein (DKFZP566B 183), mRNA" 

* 0 DK^S^^°- 55 mt^ l5425273; 1656: ^-015510, "Homo sapiens 
DKFZP566O084 protein (DKFZp566O084), mRNA" 

gi(23065521|reflNM_015510.3|[23065521]; 1657: NM 01551 1 , "Homo sapiens chromosome 20 
mtms^ 6 4 (C20 ° rf4) ' mRNA "' g i H8034689TrefINM_bl551 1.2^4^16^ 
i< WT™f™ ' J?° m ° Sapiens °y stei n e -rich with EGF-like domains 1 (CRELDl) mRNA" 

^ 2 r 20 h 953 / 6 i re ^- 015 51 3 -2|[22095396]; 1659: NM015517 , Hom^a^ns ffiL»t 
CpG-bindmg protem)-mteracting zinc finger protein, "(MIZF), transcript variant 1, mRNA', 
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gi|39725947|reflNM_015517.3|[39725947]; 1660: NM 015527 , "Homo sapiens 
DKFZP434P1750 protein (DKFZP434P1750), mRNA 17 " P 

^^SS^- 01 ^ 3 ^ 1361 ^ l661: NMj015533 , "Homo sapiens 
DKFZP586B1621 protein (DKFZP586B 1621), mRNA" 

5 gi|20149620|reflNM_015533.2|[20149620]; 1662: NM_6l5535 , "Homo sapiens DNA 
polymerase-transactivated protein 6 (DNAPTP6) mRNA" 

gi|7661597|ref[NM_015535.1|[7661597]; 1663: NM_015540 , "Homo sapiens DKFZP727M111 
T 27M111) ' mRNA "' ^l 2 ^ 3 0138|ref^_015540.2|[244 P 3013STl^^ 
10 «T Hi t^. Ho T t Sa P iens + synovial sarcoma translocation gene on chromosome 18-like 1, 

X ni sV4n ^ P Varmnt 2 ' mRNA ' ^l 3977761 1 |ref|NM_015558.3|[3977761 1]; 1665: 
NMJ315570, Homo sapxens autism susceptibility candidate 2 (AUTS2^ mRNA" 

fS msK: (^5643147), -RNA", gi|7661599|reqNM_0 P 15582.1| [ 7661599]; 
i < JoS'™T° ' H ° mo sapiens Polymerase (DNA-directed), delta interacting protein 2 
15 (POLDIP2 J," mRNA, gi|30089946|ref]NM_015584.2|[30089946 ; 1668: SwSST^Lo 

sapiens coiled-coil domain containing 9 (CCDC9) mRNA" inivi_uidouj , Homo 

ES! 1 ! 601117661689 ^ 1669: NM- 015 ^^ , "Homo sapiens WD repeat 
™ ?i (WDR21), transcnpt vanant 1, mRNA", gi|3 13 17287 MNM 015604 2H3 13 172871- 

20 

20 RefSeq staff for additional review., , 1671: NM_0 15646 , "Homo sapiens RAP1B, member of 

: SSSrS"^ (RAP1B)j D ? NA "' ^l 342223 20MNM_015646.3|[3422l320 ^1672: 
NM_015649 , Homo sapiens mterferon regulatory factor 2 binding protein 1 mjawn 

DKFZP566F0546 protein (DKFZP566F0546), mRNA" 

25 £JJ;|^?J^^ 1674: NMj015654 , "Homo sapiens 

DKFZP564C103 protein (DKFZP564C103), mRNA" 

gi|342223251reflNM_015654.3|[34222325]; 1675: NM 015691 , "Homo sapiens KIAA1280 

™ I?i-J^- i • |[7 ??I 559] ' 71118 record was temporarily removed by RefSeq staff for 

S^^V.^^rS 1 ^ 02 ' " H ° m ° SapienS hypothetical proteinCL25022 
(CL25022), mRNA", gi|7661547]refjNM_015702.1|[7661547]; 1678: NM 015710 "Homo 
sapiens glioma tumor suppressor candidate region gene 2 (GLTSCR2} mRNA" 

ZS^^- 0 ^ 10 ^™^ lfl9: NM-0"714? "So s^ens putative 
35 35S Trf g6ne G ° S ?' m ™ A "> gil 2 0070269|reflNM_015714.2|[20070269]; 
1680. NM 015715 , Homo sapiens phospholipase A2, group III (PLA2G3} mRNA" 

^ 7 A 6 T 5 Z^MNM_015715.1|[7657125]; 1681:NM 0 fm, -hSSoS^S^ Protein 
amt,^' , f NA "' g i l 925720 °MNM_015722:2|[92572b0]; 1682: NM , "Some 

sapiens Wilms tumor associated protein (Wrr-1) mRNA" ~ 
gi|19743572|ref]NM_015855.2|[19743572]; 1683: NM 015859 , "Homo sapiens general 
40 transcription factor IIA, 1, 19/37kDa (GTF2A1), transcript", "variant 1 mRNA" 

SS! S^ 1 " 01 . 58 ? ^t 42476103 ^ 16 ** NM_0 P 15865 , "H Q1 n"s' solute carrier 
m iL (urea ^sPOrter), member 1 (Kidd blood", "group) (SLC14An mRNA" 

fzK fSffi-SniS^f 77 ^ 1685: ^-O^'-HomotaS finger protein 
(ZT86), mRNA , gi|21359908|ref]NM_015871.2|[21359908]; 1686: NM 015884 , "Homo 

•^L^f 1 I^ e " b ° Und tran^ription factor protease, site 2 (MBTPS2)7mRNA 
gi|7706692|ref|NM_015884.1|[7706692]; 1687: NM_015885 , "Homo sapte^p^mRNA 
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cleavage complex n protein Pcfl 1 (PCF1 1) mRNA'* 

^|33620744|reflNM_015885.2|[33620744]; 1688: NM 015889 , "Homo sapiens PC2 (positive 

»^\T l ^ 0tein com P lex )"» "glutamine/Q-rich-associatek protein S) m £' 
gx|213 12133 reflNM 015889.2|[213 121331- 1689- NM 015804 "Ho^d- • „ „ 

5 ™) > n^^| 1 46703^MNMjl5f^^ 

sapiens gerainra, DNA replication inhibitor (GMNN) mRNA" ~ 1 H ° m ° 

gi|41393571|reffNM 015895.3|[41393571 ]; 1691: NM_01590i . Homo sapiens nudix 
(nucleoside diphosphate linked moiety X)-type motif 13, "(NUDT13) mRNA" 

10 M 5^?? ase 1 P P r °tein-like (POPS), transcript variant l7 mRNA", 

gi|38016924reflNM_015918.3|[380169241- 1693- NM 015920 '-H nmnoa „- - u 

5sr , ?if92 7 ; , % (RPS27L ^ 4 a "' 

NM 015921 , "Homo saprens chromosome 6 open readina frame 82 (CSnrttm liu< 

JS^S? SSS? "Homo 0 :'" 8011 ?™" ^P«1«)60MNMJ)1592^P^0]; 

•io?', r , ' Homo sa P iens putative secreted protein ZSIG1 1 (ZSIG1 n mRMA " 
gi|34147580|reflNM_015926.3|[34147580]; 1697: NM P 015927 'iomo .anient ^? 
growth factor beta 1 induced transcript 1 (TGFB1I1) " mPJ^A ' P transforming 

£^ 

25 (CGI-07), mU^", gll9923795,rS 

P^^f ' H+ ton-Porting. lysosomal 50/57kD VI subunit H (ATP6V1H1 - mR^T 
gi|7706261 ref|NM 015941. 1|[77062611: 1703- NM 015942 to™«««s~ nn^^- 
(CGI-12) .n^A"rgi|34147675|reW:0159^ 

sapiens solute carrier family 35, member C2 (SLC35C2), transcript Variant" TmRNA" 
30 gi|34335287|reflNM_015945.10|[34335287]; 1705: NM oS5 K , "HomTsapien^US 

protein (CGI- 1 8), mRNA", gi|7705601|refINM_015947.T|[770566l]; im: NM^fSsO 

"mZhZM mit ° chon ^bo S omal protein L2 (MRPL2), nuclei gene^oL|' ' 
mitochondrial protein, mRNA", gi|41872659|ref|NM_015950.3|[41872659]; 1707 NM 015953 

, Homo sapiens mtnc oxide synthase interacting protein (NOSIP) mRNA" NM_015953 
$5 gi34147607|ref|NM 015953.3][34147607V HoI nm Ol^fi »w '• • , 

sapiens thioredoxin-related transmembrane protein 2 (TMX2) mRNA" ' 
protein (CGI A n^A",^ 

"Homo sapiens cell death-regulatory protein GRIM19 (GRIM19) mRNA" ' 

G gi|21361821|reflNM_015965.3|[213618211; 1714- NM 015971 "Hnml J™. u 

ribosnmal nrntpir. qtVa/to bo-7\ i j inm_u l :>y 1 1 , homo sapiens mitochondrial 

nbosomal protein S7 (MRPS7), nuclear gene encoding", "mitochondrial protein, mRNA", 
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SMfw 61 I |refll ^-^ 597L2|C16554617]; 1715: NM-015972 , "Homo sapiens polymerase 
m*NM 0^74 '.S 16kDa 9 >OLR1D )^A» ) gi|7705739|reflNM OlS^SSS; 
•iS;S?5T ' H0m ° Sapiens cr y stallin > lambda 1 (CRYL1), mKNA" 

^ 7 «l^-01 W|l|[7705743]; 1717: NM.015976 . "Homo^pfens sorting nexin 7 
SF^STSK Vamnt ' * I 23 1 1 1053|reflNM_015976.2|[23 P l 1 1053]; HI* 

^factor 3 (CK^ 

^vTnil?, 'JJ° m ° SapienS transcription factor Bl, mitochondrial (TFB1M) mKNA" 

sapiens CGI-85 protein (CGI-85), transcript variant 2, mKNA" NM - 016028 • 

sapiens chromosome 20 open reading frame 45 (C20orf45) mKNA" ' 
gi7705609|ref|NM 016045. 1|[7705609V 1733- NM mou^u ' 

protein CSM {cSL4), mKNA^ ^&SS^S^SS^l^^ 
^o. Sa ^ nS . Chr ° mOSOme 14 °P en readin S fra ™e 122 (C14orfl22) mKNA" - U15049 » 

gi|34222327|ref 1 NM_016049.3j[34222327]; 1735: NM 016052 "Honwsapfens CGI 115 
Protein (CGI-115), mKNA", gi|31 542299 W NM 016052.2|[31542299^ 1736^ 016053 

^StSS^'m Pr0tein ^ ^ ™ 2 1MNM 01605^17705621]; 

1737. NM 016055 , "Homo sapiens mitochondrial ribosomal protein L48 (MRPL48) nuclear 

(CGI-128),UNA^ gi^l^^ l^J^«^ 1 4j» 
sapiens mitochondrial ribosomal protein S16 0^SlQ.nJ««e^^ -sj^ • i 
protein, mKNA", gi|16554612|reflNM_016065.2|[165546?2]^ So 
sapiens mitochondrial ribosomal protein S18C C^W^^^SSdi^ 
mitochondrial protein, mKNA", gi|7705629|ref]NM_016067.1|[7705629] 742 NM 016069 
toch ° n t ia - a f ociat ^ Protein involved in wLlcafJ^^iSZ: 
stimulating factor signal transduction (Magmas), nuclear gene encodine" WnrWrfrS 
protein, mKNA", *P7*3460|id^^ 
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sap ie ns mitochondrial nbosomal protein S33 (MRPS33), nuclear gene encoding", "mitochondrial 
protein, transcript variant 1, mKNA", gi|16950595|ref|NM 016071.2|[169505951- 1744- 
NM_016072 , "Homo sapiens CGI-141 protein (CGI-141)~mRNA" 

p|19923443| r e^_0^072.2|[19923443]; 1745: NM_016079 , "Homo sapiens neuroendocrine 
5 differentiation factor (NEDF), mRNA", gi|7706352|ref|NM 01 6079. II [77063 521- 1746- 
NM_016080 , "Homo sapiens CGI-150 protein (CGI-150) mRNA" 
gi|34850073|ref]NM_016080.2|[34850073]; 1747: NM_016082 , "Homo sapiens CDK5 
regulatory subunit associated protein 1 (CDK5RAP1), transcript", "variant 2 mRNA" 
^28872783|reflNM_016082.3|[28872783]; 1748: NM.016086 , "Homo sapiens map 'kinase 
10 phosphatase-like protein MK-STYX (MK-STYX) mRNA" 

g^l212MNM^016086 2|[32481212]; 1749: NM_016087 , "Homo sapiens wingless-type 
MMTV integration site family, member 16 (WNT16),", "transcript variant 2, mRNA" 
»\17^13^ <n6WW74Q2913y t 1750: NMJH6090 /•Homo sapie^A binding 
motif protein 7 (RBM7), mRNA", gi|31543547|ref)NM_016090.2|[31543547]- 1751- 
NM_016091 , "Homo sapiens eukaryotic translation initiation factor 3, subunit 6 interacting" 
•protein (Eff3S6IP), mRNA", gi|7705432|reflNM_016091.1|[7705432]; 1752: NM 016095 ' 
Homo sapiens DNA replication complex GINS protein PSF2 (Pfs2) mRNA" 

Sll°^ MNM -° 16095 1|[7706366]; 1753: NM 016097 . "Homo sapiens HSPC039 protein 
(HSPC039), mRNA", gi|322613HMNM_016097.2|[32261311]; 1754: NM 016099 ,"Homo 
20 sapiens golgi autoantigen, golgin subfamily a, 7 (GOLGA7), mRNA" 

gi|7705820|reflNM_016099.1|[7705820]; 1755: NM.016101 , "Homo' sapiens comparative gene 

^Tni°^ n ^ SCnpt 37 ( CGI " 37 )» "^A". gi|40538791|reflNM_016101.2|[405387911- 1756- 
JNM_0 1 6 1 02 , Homo sapiens tripartite motif-containing 1 7 (TRIM 1 7) mRNA" 

gi|7705824|reflNM_016102.1|[7705824]; 1757: NM.016103 , "Homo sapiens SARI a gene 
™°m!inf " revisiae ).( SARA2 »A'' gi|38176155|ref|NM_016103.2|[38176155]; 1758: 

53* \? T^A Homo sapiens seel family domain containing 1 (SCFD1), transcript variant 1 
mRNA" gi 33469965|ref]NM_016106.2|[33469965]; 1759: NM 016127 , "Homo saZnf 
hypothetical protein MGC8721 (MGC8721), mRNA" " 

gi|42476192|reflNM_016127.4|[42476192]; 1760: NM 016133 , "Homo sapiens insulin induced 
gene2 (FNSIG2), mRNA", gi|38327532MNM_016133i|[38327532]; 1761: N^ 016139 
^^fS)! 11 ^ 0011 ^" 0011 ' 1161 ^ -0011 ^- 0011 - 1161 ^ domain containing 2 (CHCHD2)" mRNA 
S? K ^ 79 M NM - 01613 9;2|[32307179]; 1762: NM_016142 , "Homo sapiens hydro^eroid 

iX? tS^SSf 2 (HSD17B12 )> "^A", 8i|7705854|ref]NM 016142. 1|[77058541; 
1763: NM_016145 , "Homo sapiens PTD008 protein (PTD008) mRNA" 
gi]7706664|reflNM_016145.1|[7706664]; 1764: NM_016148 , "komo sapiens SH3 and multiple 
^Jt^V^T^ 1 ( SHANK1 ).^A",gi|11968151|reflNM_016148.1|[11968151]; 

•iSXaco^ P S5 8 ' ° m ° Sapiens erythrocyte transmembrane protein (LOC51 145), mRNA" 
gi|7705856MNM_016158.1|[7705856]; 1766: NM016183 , "Homo sapiens cr^os^ ' 
STm^of 33 ( Clorf33 )» m RNA", gi|18490986MNM_016183.2|[18490986]; 1767- 

•Srnloi,. ' Homo sa P iens hematological and neurological expressed 1 (HNR mRNA" 
P 7705876MNM 016185.1|[7705876]; 1768: NM_01 6187 , "Homo sapiens bridgC ' 
integrator 2 (BIN2), mRNA", gi|7705295|ref]NM_016187.1|[77052951; 1769: NM 016195 
Homo sapiens M-phase phosphoprotein 1 (MPHOSPH1) mRNA" 
^ $! 7053 W*WM _016195.1|[7705347]; 1770: NM_016200 , "Homo sapiens LSM8 homolog 
45 U6 small nuclear RNA associated (S. cerevisiae)", "(LSM8) mRNA" ™moiog, 
gi|21314665|ref]NM_016200.2|[21314665]; 1771: NM_016202 , "Homo sapiens zinc finger 
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carcinoma related protein (T.OC51 1591 Irna- , 06 • 1101,10 ^P 1 ™ 5 oolon 

NM ,016209 , "Homo ^SSlffS* 11 - 016 * 1 ^ 17741 
g"|7706428MNM_016209.1|[77064281- 1775- mi otSVn "h 

(LOC51 161), mRNA", gi|3 I543080MNM loimol m^M^^^JE?* 
sapiens detaching enzyme homolog (S cSae) mBRn S'rnI^ NM - 01621S • "Ho™ 
g.|7705890|re£lNM_016216.1|[7705890]; 177^S 0lo223 •' 
and case fa kinase substate J^rrons 1 VacSS."" pK " era Mnase C 

g.|34147484|reflNM_016223J|[341474k]M778^^Vo' »„„ 

(HP1-BP74), mRNA", gr|7705416|rellNM OiaiTHmnS, fl' ^TZi* PKns K" 1 - 0 ^" 

mRNA", £|14 58 P 99^rer^l1 3 ?0.^589w1 d) i?^^, Jf ' ,(P0LMK >* 
^^19743^^^ 

selenoprotem X, 1 (SEPX11 mRNA" Jr77n«i ru ™A,„- 6332 • Hon >° sapiens 
NM 016337 , "Homo £2£^£^$ff%$« 32.11177065.% 1798: 

8i ,39777593,re^0.63 5 4.3j39777^1 8 00 : ( ^^ 
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phosphate synthase Al (ISYNAtt m TWA« SoS !St' Homo sa P len s myo-inositol 1- 

transmembrane domain orphan receptor TPRA^rn^A" ' ^ " Vm 

gi|7705964ref]NM_016372J|[7705964]^8^STSQ7 » W 

Ko^^ 

open reading frame 43 (C20orf43) mRNA" ^77^1™ fL, n^^f 08 chrom °some 20 
gi|7705974|ref|NM 016423 U|[77059741 M814 & "pi 

interacting with Nek 90 kDa («m u» ■ „ i; 01 ^ 453 • Homo ^P' 6 ^ SH3 protein 

dependent kinase-like 3 rrnKT ™t?xta . -h™^™- 08 ' Hom ° sapiens cyclin- 
™ 016526, "Hot 

(BET1L),", mRNA, »|34365798|r«f|^ 

sapiens hydroxyacid oxidase 2 (long cham) (^02) m^S^ L NM - 016 527 , "Homo 

7 superfamily member 3 (TM7SF3) mRNA" «ri m2w£ ii* ° Sapi6nS ^^brane 
NM.016557 , "Homo sapiens chemoSnfrc C KZS^ 1 f^r° 6 551.1|[7706574]; 1825: 
variant", "2, mRNA" gi|3079521 : 52f ( ni<5S ce P tor - llk e 1 (CCRL1), transcript 
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S3!f??° WNM_016561.11[7706090]; 1829: NM 016567 , "Homo sapiens BRCA? 
CDKN1 A interacting protein (BCCIP), transcript variant A " mRNA 
gi|17402869|reflNM 016567.2|[174028691- 1830- tS^i^^ST* 

TO mRNA", ^7706104^^ E* 1 ^ 

of mouse signaline intermediate it, 1^11 016581 , Homo sapiens likely ortholog 

P450, family 39, subfamily A, polypephoe 1 K^A^^A """^ °*o<*">»» 
coupied receptor 2 (GPR2), mP^A", ^S^oS.^^ 

sapiens TRAF and TNF receptor assocS^^ ' li ° m ° 

gi|23510347|refINM_016614.2|[23510347]- 1838-^ ^17 ' ■ . 

SiVe^oX^ 

(MGC12I97) mRNA», g i|3848 l 872«|reflr J M S^Sfe^^o™""^ 
sapiens hypothetical protein LOC51321 (LOC513211 mRNA- NM 016627 , Homo 

gi]42476207|roflNM_016627.2|[424762oVM842 I ]M^«o' "Homo m - ■„ , 
protein 33 (ACP33), mRNA", giK2544234^ m^^SlT^ £j 

sswsss^^?s?^^' ""7" 

1, antagonist of ^ta-catonincLopu^CT^m^A ' ^ h ° m0l ° g 

g.|38569506|reflNM_016651.4|[385695061^84o : NM01683t -a. 

3 ^osophila) (PER3), mRNA , g,| 85o 7387 l'ib5SS^?SK5S?« 

sapiens frizzled homolog 3 (Drosophila) (FZD3) mRNA" NM017412 , "Homo 

gi|22035685|reflNM 017412.2|[22035685]^85l'-NM 017414 »w • 

54kDa (NUP54) mRNA", £1260512361^ P 0*i%^ 1 ^i^ n, S^ fa 
Homo sapiens beta-carotene 15,15'-monooxveenase 1 mriunn i'J a 7. NM - 017429 > 
gil8393364|ref 1 NM_017429.1|[839336 4 TS?^ , 
organic anion transporter family, member 101^^00^1) m^A"^ 118 ^ 
gi|21361594|ref|NM_017435.2|[213615941- 1856 NM 0 7443 ^ ' • 
(DNA directed), epsilon 3 (pl7 subunit) POLE3) !nRNA" ' ° P ol ^ erase 
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gi|3 1543422|refINM_017443.3|[3 15434221- 1857- N1U ni74Q^ ..ti 
region (RNP1, RRM) containing 1 (RN?C1) tLc^F-'vaSn f ^nT" 8 
&|34577106|ref|NM_017495.4|[34577106]; 185?: NM 6l7??2 "Ho^n ' 
tnmsposable element with KRAB domain (POGK) n^NA'^ ' " PWM P ° g ° 

5 &|22027479|reflNM_0175423|[220274791-185?i^ws< i Q .. H . , 

protein DKFZp434H2215 (DKPZp434H221 5 f m^t' ' ^ Sapi6nS h yP othetical 

gi|8922137|ref]NM 017559.1|[8922137]- I860- NM 017S^ 

protein DKFZp434G0522 (DKFZp434G0522) ' 5ap,6nS h yP 0thetical 

gi|21314674|reflNM 017566.2|[213 14674V 186? NM ni7V7i 

conjugating enzyme E2Q (putative) (UBE2QJ m^^ ' SaP16nS 
gi|38045949|ref]NM_017582.5|[38045949^ |-186^NM 0175SQ « 
15 translocation gene 47BTG4) mRNA'" riftiirSJiS ? 9 ' mm ° sa P lens B " ce11 

NM 017596 ,reflNM 0V759^^2 8 ^ 1865: 
stafffor additional 

25 

hypothetical protein FLJ20035 (FLJ20035) mRNA" NM_0 17631 , 'Homo sapiens 
gi|37059778|ref]NM_01 763 1 .3 1[3 7059778]* 1873 • NM 01 7fiT? u 
collaborates/cooperates with ARF falter^ rZ* N ¥- 01 ^ 632 • Ho ™ sapiens 

sequence similarity 29, member A SS ^ ' ^ SapienS farail y 

"Homo sapiens FLJ20073 £22 (^SS^SS 7 " 2111701 ^ 1879: »«.017«54 , 
^ gi|382017051rei^_0176?4.2|[38201705] 188frNM 0176^ » W 

protein FLJ20084 (FLJ20084) mRNA*' rflRQ?^ no ii ^nZ- » "Homo sapiens hypothetical 
NM 017665 , "Homo salens zmcfineer ^' 8 S3091|refT^_017659J|[8923091]; 1883: 
^l^^jii^^^^^^^ 10 ^CCHCIO), mRNA", 

il ^iujj, i5o^. mm_017668 , "Homo sapiens nudE nuclear 
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1895- NM 017797 «wl loTAK), mRNA", gi|8923213 reflNM 0 1 7720. I|r89232 131- 

g|8923252MNM 017739.1 |[89232S^5Hm 0 mS »w A " 

DHHC domain contain^ 7 ffnmim dVt. „ 40 • Homo sapiens zinc finger, 

1900: NMOwTSo £ o£ 2S ^° 17, * ,|! ^ 

mRUA", gi|41872708|ref|NM 01T7423 ^r4rf7270^fQm m ^, C ^?-,T ng 2 < ZCCI K3>. 
Wyipepndase 8 pWSp SfS NM-0H743 , "Homo sapiens 

? |37577092|ref|NM_On743.3|P7577O92] ; 19O2:r^m7744 ■«„„„• 

tnmongenieity 7 like (ST7L), transeript variant 1 " mRNA ' P suppression of 

g.|38201633|reflNM_017744.4|[38201633]- ?903- iZ [0n74<! » W 

^«SS^ 1906: 

regulatory subunit associated p otein (CTKALn 'ZJ' 4 ," H° mo ^P'^ CDK5 

8l|8923317|ref^_017774a|[8923317^T9 1 2 ^mof^ ' ■ . 

open reading fiame 58 (C.4orf5 8 ), mRNA", giis^l^lre^^r^^JJ^Swj!^. 14 
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domain 8 (WDR8 - ) mRNA" ixk,^T 18 ' Homo sa Piens WD repeat 

.o "Hom„ 4L ^5S££S sSrS? l[16443433]: I919: «h5»«" , 

NM 017833 "Hnmn m 7 ; n«*JNA , gi|20127565^effNM_017832.2|[201275651- 1921- 
15 open reading frame 59 (C21orf59) mRNA" Zmouih 2™ Sapiens ch ">mosome 21 

20 open reading frame 27 (Clorf27) mRNA' 1 ' riteoirJ^? 22/ 8apiens ch r°mosome 1 



3 



I 




nuclear protein (BANP), transcript variant 1 m^ ' ^ BTG3 -«**>d 



017870 _ 

70kDa protein 5 (glucose-regulated nrotefn' 7SVn Ts? 1 !? 70 ' Homo ^P^ 8 heat shock 
variant 1, mRNA'' gl|3008 ^SSCmvI^oSS^ 1 (HSPA5BP1), transcript 

sapiens hypothetical protein FUlOS^S^A^' ' NM - 017872 • " H <>™ 

open reading frame 18 (C2orfl8) mRNA" «ril3 i wt? ni 2tZ/ /?° mo sa P len s chromosome 2 
NM_017880 , "Homo sapiens jSSSSBS^nSS? 113154271 ^ 1937: 

segmentchannell(TPCNl) mRNA" Jivn^nn «S J « Li Homo sa P"ais two pore 
NM 017903 »H-«rL ^ • v , ' S 1 |29725621^eflNM 017901.3|r297256211- 1941- 
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Stl^f 6 4 S (FU20626 ''?* NA ".Si|8923581|rrf|NM 017908.1|[89235811- 1943- 

sapiens peroxisome biogenesis factor 26 ?PEX26) mRNA" NMJU7929 , "Homo 

8l|32307138|reflNM_017929.2|[32307138]; 1953-m5m7932 "Homo • u 

NM_017952 , "Homo sapiens PU20758 orotein tt^jicn-in ™DjjiT, J ' 

|i|38S83854MNM_0 1 7952.4| t 38683854r S 01796? «„ ■ , 

fiumly 30 (trine transporter), member 6 (SM0A6) " mM<A ' ""^ 
gi|21687223|ref|NM 017964.2|[216872231 1962 • NM mroii 

aotophagy 16-like (S cetevisiael ( APma h i ■, S I ■ ' Homo sa P iens APG16 

Sffssss ^omo 8 si C9orf<i8, • mR 4" «wM5i5n5SSESK?ss 

hypothetical protein FLJ10081 (FLJ 10081) mRNA" ~ ' Homo sa P ien * 

gi|21361733|reflNM_017991.3|[213617331 1968-NM 01700Q «w 

protein 3 1 (RNF3 1), mRNA", &804sS^^^i^! , SS: ^ 

"Homo sapiens hypothetical protein FLJ10 16 (FLJ101 16) Sa» NM_018000 , 

NM 018006 , "HoL sapien^*^^ 



-332- 



WO 2005/003766 



PCT/US2004/019017 



gi|31542640Iref]NM_018006.2|[31542640]:1972-NM ..u nmnefl ■ . ' 

h S^°r n 1 SSS'SmT- i aapiens plMkstritt 

gi|8922332reflNM_018049.1l[8922332V 1983 NM oisrwn .'tf^^ ■ , 

protein 1 (CRTAC1), mRNA , *w3£gjSHm£ ^SSSSffSSSTo'SSS, 

-^cfssrsss^ - 018060 • 

protein 358 (ZNF358), mRNA , m^^XS^SS^fSSSl SjSL, 
Homo sapiens hypothetical protein FLJ10420 (FU10420, mRNA" NMJHWWO , 

g.|39725692|re£lNM_OI8090J|t39725692];199%NM 01809f^ A I^ n • , 

associated 8 (CDCAS), mRNA", mSgggft J S ApSSK^ot,^ 

region (RNP1, RRM) contenting 4 (RNPC4) mRNA^ ' MP,enS RNA - btadi "iS 

8*134.476821^.018.07.3,(34147682]; 2001: NM 0,8.08 , "Homo sapiens chromosome 14 
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MS- mSm^TT (C14orfl30 >; mRNA ". «ipl361«96WNM 018108.2|r21361696T 

. (HJ10504), mRNA", giPSTSO^^M^i^BOTMCTm'^^?'™* 
5 sapiens WD repeat domain 11 (WDRin^NA- riM«««? 1; i^ : ^- 018117 ' 

20O5: NM 0181 18 , Homo sapiens MCM^tk 8l|22547233 l re 1 NM -<'18117.10|[22547233]; 

cerevisiae^associated protZr^oS^^"^ **** 3 < S ' 

20 encoding", "mitochondrial protein mRNA" irilliwZwSi SSxT ^J^T 1 ^ 8 ? 0 ^ nuclear 8 ene 
NM 018143 ,'"Homo sanien Sh^Vi m' JS^ 1 "^- 018141 ' 2 C 16554 ^; 2014: 

protein FLJ10579 (FLJ10579) mRNA" .riSw^r i^it Ar^° ^^ h W°^c^ 
NM 018154 , "Homo sapie™ , j5f!™h 2 892 ? 53 ll ref l N M-018145.1|[89225313; 2016: 
25 (ASF1B),", mRNA^ fSS^tS^m^^S 

sapiens solute carrier familv 4 rLi^ ^ ^ 11 , 48]; 2017: N M_018158 , "Homo 

30 X^r^^ 

(DIP13B), mRNA", gi|24586662|reflNM 018171 <Jr^»2JZi ' H ° m ° Sapiens DIP13 beta 

tsJT^p^WSff 2021: NM - 018172 ■ " Hom ° 

gi|8922578MNM_018172.1|[8922578]- 2022- NM 01R174 »«• 

protein 1 (VCY2IP1) mRNA" trim l^kSi iiW-X!? 74 ' Homo sa P iens VCY 2 interacting 

> "Homo sapiens a^^'^^SS^^ 13616 ^ 2 ° 23 '' ™ 018m* 
gi|29826327MNM_018178.3|[29826327]- 2024- NM01817Q "W 

transcription factor 7 interacting protein (ATPtK - ^Jri ' SaP16nS aCtiVating 

gi|38261961|ref]NM_0181793|[3 P 8261961J;^ „ Honi . , 

protein 532 (ZNF532 , » mRNA" « 81 ' Homo sa P ie "s zinc finger 

> . "Homo sapLs h^S^S 2026: ^^182 
gi|8922595|reflNM_018182.1|[89225951; 2027 NM Si ^ ' • 

chromosome condensation (RCCn and RTfl frirS^ • ° Sapiens re g ulator of 

hypothetical protein FLJ10726 (FLJ107261 mRNA" NM -018195 , "Homo sapiens 

gi|40254918|ref|NM_018195.2|[40254918]-20^NM 0lS9nn -xt 
Sroup 20A (HMG20A), mRN^ rt*13*£^^ 
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' SapienS hypothetical protein FU10747 (FLJ10747^ mRNA » 

gi|31542660|reflNM_018202.2|[315426601-203 NM oSnfi ' 

SStlSS^i 1 (FLJ10751) ^ w 

kinase 4 (PANK4), mRNA" gi|8922664lrifim^ mso7< H ° m ° sapiens Pantothenate 

"Homo sapiens chromosome S^S^^f^t^SS^SSX *M_018217 , 
gi|8922666|ref]NM_018217.1|[8922666] 2o! oi8w?^ X ' 
forkhead and ring finger domains fCHra^PMAV~ fon^?° m0 Sapiens checkpoint with 
10 2036: NM 018 2 f 5 , •iomTsapTe^wL^r ' f |8922674 l re fl NM -018223.1|[8922674]; 
*|S922678M^>^^ (SMU -. 1 >> 
aminopeptidase (aminopeptidase B)-like 1 ^RNp£kn Sna^ 0 Mginyl 
gi|20070295|refINM_018226.2|[20070295Y^ 38 S'o^^ 

protein FLJ10808 (FLJ10808) mRNA" mM40^n^~SiS ^ H ° m ° sa P iei * hypothetical 
protein FLJ10846 (FLJ10846) mRNA" J SQ797n^i i Iki, H S H ° m ° sapiens hypothetical 
20 protein FLJ10853 (TU10853) mRNA" ist^T^r JSl A ?° m ° Sapiens hypothetical 

25 »|8922725|rcf|NM_018250.1|[89227251- 2046- NM 01 S7«^S ' ■ 

protein FU10876 (FLJ10876 mRNA" aWVmiil S'Zf ° ^P 1 ™ 3 h yPothetical 
NM 0.8256 , "Homo 133620752]; 2047: 

gx|16445423MNM_01S256.2|[1644^ 3 rM48- NM^M8259 ^ ' • 
tetratricopeptide repeat domain 17 (TTC 17) mRNA" ' Homo8a P lens 

30 gi|410550(MMNM^0182593|[410550(M 204^Nli 018261 « H 

protein FU10948 (FU10948) mRNA" Jwtnwa T^lf i, I Homo sap,ens h yP°<hetioaI 
NM.018287 , "Homo sJw^^J?} 7 f. 6 l re WM_018281.1|r 8 922786]; 2058: 
^WMjES^^ (ARHGAP.2), mRNA", 
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A oxidase-like (ACOXL), mRNA" iril89W«oL»m^ ai^?o\ .r ° sapiens ^"Coenzyme 
6 , |23943813Jref|NM_018314.2|[23943813]; 2063- NM 018317 "HYvn™ ' • u v . 

SffSSS 1 ^ (FL,11082) ' mENA "' ^Wss^'oisj^SK^ 

2o1f™&%r n ^^ 

ffS ^."H** ™ ^ w •SSS.TBwSS" 20 

^|31377732|ref]NM_018372.2|[31?77732];207^ S 0 8^ u u ■ 

a^SS^ . "Homo 

NM.018383 , "HomoTaS^^ 2081: 
gi|19923528|ref]NMW383.2K^ . u 

SfSSS 1 * (njll305) •"* NA " i^^^SKt^ 

family 35, member CI (SLC35C1) mRNA" ^37^01^^?° SapienS S ° lute carrier 
NM 018398 , "Homo sapie^ c^ci^W,^? ' I 73 °MNM_018389.3 [37059730]; 2085: 
"(CACNA2D3 ), «J£frfK SwjWolSfSSSS 3 
sapiens transcription factor SMIF (BSA27»i£ 3i 2 ° 86: ^ M - 018403 . "Homo 

gi|8923766|reflNM_018403.1|[89237661-2087 NM^ « W . 

protein DKFZp762E1312 (D^Zp762E13121 mS ' ° S&P1&aS 

gi|21361746|reflNM_018410.2|[21361746];208^M 018418 "Homo,, ■ 
spermatogenes s associated 7 fSPATA7^ !pZ -VVWn A .' mo sa P lens 

2089: NM 018419 , "Homo sapfe^ fsRY^ ' g 1 l 133845 99|re£lNM_018418.1|[13384599]; 

, «omo sapiens SRY (sex determining region Y)-box 18 (SOX18), mRNA", 
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gi|31077201|refINM_018419.2|[310772011-2090-NM niR499 • . 

protein DKFZp761K1423 (DKFZp761K 423? ' ° h ^ othetical 

gi|8922171|reflNM_018422J|[8922171]-2091-M^01849R »u • v 

carcinoma-associated antigen 66 fflCA6tt ™pma»" ~° Sapiens he P a tocellular 

5 2092:NM 018431 . ^J^^^f^'^j^^^^^^ 
gi|29544725}reflNM_01843l42954472^ S 20?3 ^M84M ! > mRNA "' 

containing 1 (JMJD1), mRNA", O^klS^S^k^SlS^^^ 
Homo sapiens peroxisomal trans-2-enoyl-CoA reductase ffEr& «™ i* - NM_018441 , 

gi|19923816|reflNM 018441.2|[199238161 -2095 oSS ^iS? R >' mRNA ". 
10 Phosphatase^ mag^esium-depS 

gx|8923959|reflNM_018444.1|[8923959 ; 209frN^ 0^8452 ^^'^ I 

history for deteils. ,2100 NM ^ 018464 "H^Ln T* "* hCBd ° r rem ° Ved - See revision 
(ClOorfZO), mRNA", O^KSS^MM^ ? ° 

90 To?^^ 0801116 9 ° pen readin S fra ™ 46 (C9orf46) Sa« " NM ~° 18465 • Homo 
20 p|8923931|refINM_018465.1|[8923931]; 2102- NM 018469 4^ • 

gi|4054^^ 

25 

hypothalamus protein mW QnW u^^nt^U lSS£ ST 1131 ^ 
30 NM 01R4R7 ..tT V' n ? NA ' § 1 I24497483 refpJM 01 8484.2 1[244974831- 2108- 

35 Sssss 1 ^ pro,ein 18 (deieted in Si» p,ens low dens " y 

35 p|9055269MNM_018557.1|[9055269V2111'NM ' nisisQ to ' ■ 

sulfate GalNAcT-2 fGALNAPT o\ ^1' i/JSl^ 7 ' Homo sa P ien s chondroitm 
NM OlSfino "i GALNACT-2), mRNA", gi 24429591 refjNM 018590.3|r244295911- 91 1 

specific transcription factor DAT1 (DATl)^ mRNA^ ' Sapiem neUTOnal 
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• "Homo sapiens carton^te 

10 p^sfe 

»|8923704|^T865^ y 9 23ffi 2 4 e ^ I o D 1 STS*" ^ 
sensitive cation channel 4 pituitary tAcrNdt J. " • S, !^ ' ■ ° m0 saplens ^'"ride- 

gi|33519441|retlNM 018o7« ^ «W ziS^M^ J^L?" D * NA "' 
15 carcinoma-associated gene TD26 (LO«5908 ? ' H ° m ° SapiM1S he P^«»lar 
gi|33667073|reflr^_018687J|[336670731 liio^mstiSR ■ . 

mjegrator 3 (BOW), mRNA", ^5693^^8 SjM^^SSSX, 
^SS^T™ 8 e * b2 inteK *=ting Protein (ERBB2IP) S 1 ' NM - 018695 • 

protein DKFZp547A023 (DKFZp547A023) mRN™ ' H °mo sapiens hypothetical 

NM_018722 , "Homo sapiens BWRT protein mSA404fii7^ ^tjxVa.. ' 

b nding protein 1 (A2BP1), transcript variant 4 mmJ ' ^ SaP16nS atadn 2 " 

^|22538402|ref]NM_018723.2|[22538402] 213?m4 6l879<: « W 
30 receptor B (IL17RB7 transcript variant Vti^l« ^}S? S ' Homo sa P iens interleukin 17 

35 gi|9507214|reflNM_018943.1|[95072141- 2138 NM SSS " • . 

7B (PDE7B), mRNA", gi|40255306|rerS 0lS«2| 4025530^H TtS^^*™ 8 
sapiens cytochrome c, somatic CCYr<?V n»oW „ 11 I- ?' 139: ^-018947 , "Homo 

domain binding protein 1 rqmppn ™bxta» -iirw- , -° 8957 ' Hoi no sapiens SH3- 
^A"..S|2547088 5 M|NMJH 8 959.2|[254S 

Homo sapiens telomeric repeat bindins factor ? ' 7- —S?' 44: NM J ) 18975 , 
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K TiSJf ^ (DJ167A19 - 1 > f^*" 8iK0538797MNM 018982.3|[40538797]- 2146- 
T^^OT^^^"^^ family A, memberl (H/ACA small nudecSar 
2M7 ^?^o ) ' S P mRNA "' S^ 1501 19 14|reflNM 01 8983.2|[1501 1914V 

channel tetramerisation domain containing 5^CTD5)~^n^^A" 
gi|9506650|ref]NM 018992. 1|[95066501- 2149- NM 018Q0^"w • t> 

"Homo sapxens ETAA16 protein (ETAA16), mRNA" ^50. NM 019002 , 
gi|37059813|reflNM_019002.2|[370598131-2151-NM OIQOnfi 

homolog 4, magic ro^dabcut |U»aS) ^OB ™Sa» ' H ° m ° ^ r0,mdabo •' , 
^oph.U0(DLL47,m^ 

Homo sapiens hmkain bl (LKAP), transcript variant 2 mRNA" '""J' ' !1<>S - "M-019081 , 

»|34878696|reflNM_019081.2|[348786O6];2169-NM 0?9082 nn 4 rw.i 

(HOXA5), mRNA", gi|244975'l6MNM OWlM^WSiq-" 2W?™ O^loT^ A5 
sapiens hypothetical protein LOC55954 (LOC55954) mRNA" " ' ° m ° 

8i|9506862|re fl NM_0 1 9,03. 1 | [ 9506 8 62^17 5 : NM^^ ^omo ^ ^ ^ 
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(P25965),mRNA",gi|28144915|ref|NM 019104.1|[28144915V 2176- MM 010117 »rr 
sapiens ATP-binding cassette, S ub-famMy A (ABC) member 7 (ABC^ Z ' ■ 

l,mBNA%gi|I5451836|ref|NM0191122|tt545i83Snnr^^ 

SEMES' T (LOC5g270) ; m ™ A " S^SS? 

gi9910279|refINM 020 1 20. 1|[99 102791- 2187- W mnni 

ceramide glucosyl tTansferase-lilce 2 (UGCGL2) ' ^ ^'^^ 

gi|11386200|ref|NM_020121.2j[l 13862001: 2188' NM 020123 ^ • ew „ n . 

(TUFTl) mBNA", SwiOSMUSmaBSSffiiSS? SS'tomo 
sapiens chromosome 8 open reading frame 4 (C8orf4), niRNA" NM -° 10130 • Hon >° 
gi 21359931 ref]NM 020130.2|f2135993n- 2192- MM TniY*' „ 

NADH:ubiqumone oxidoreductase MLRQ subunit homolog fLOC5690n » ^rxta 
gi34147589|ref]NM 020142.3|[341475891- 2195- 1STM 090144 "« 1 '^ mA ' t 
polymerase beta (testis specific) (PAPOLB) mS^~ ' ^ P ° ly(A) 

gi|37202113|ref]NM 020144 .3|[372021 13V 2196- NM 090147 »w • ™, 

NM_020151 , "Homo sapiens START domain containi™ 7 /-«JTAi?r»^ • 1 . 
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(CNNM4) 5 mRNA",gi|41350205|reflNM 020184.2|[413502051- 2203- NM (MM** » w 
sapiens ACN9 homolog (S. cerevisiae) (ACN9), mRNA" NM_020186 , "Homo 

gi|9910179|reflNM 0201 86.1|[99101791- 2204- NM MM RR »x* ■ ^ 

(DC 13), mRNA", gl|4247604C reflNM W^SSSSf S^StS^^^ 

gi|3 1377606h:eflNM 020194.4113 13776061- 220S- MM X™Yo« ' m 

open reading fame F24 (C14orfl24 niRNA' ■rii^fe™ ^7^° MpienS <*™>'OSOme 14 
NM 0 2 0196 S , "Homo JiL^^^i^^^ 95 ' 1 ^^ »« 
gi|9910259|reflNM 020196.1|[9910259]' 22^ OMlt " „ 

sapiens hepatocellular carcinoma susceptibility protein (HCCA31 ««ll^- ' Homo 

gi|39725705|reflNM 020232.3 ir39725705V 2218 S iSnfvT ' • 

mT^2V ^ (MDS0 ° 9) ' mRNA "' S 1 ! 34 ^ WflNM S^^^ S° 

3 , ' Homo sap,ens 811,311 P rotel "> offector 1 of Cdc427sPECn mRtviA'. 
g"|12965169|rer|NM_020239.2|[12965169]-2221-NM 020241 ' , 

outer mitochondrial membrane 22 homolog (y^t^IO^k^T^ ° f 
8i|39725679 reflNM_020243.3|t397256791- 222^ -™ 020247 "ST ' • ,. 
ABC1 activity of bcl complex like (S. purtS 7^$^?°™ SapKnS <* aperone ' 
gi34147521|ref]NM 020247.3|[341475211 2223 1^ 02AS0 « 
^meWloprote.seTr^o.ysmW^^ 

■JjyS? . ' Homo sapiens MAX bindi ng protein (MNT) mRNA" ^^IL^-^IJ, 2226. 

"Homo Lpiens HialT^KS 57 - 1 ^ »<-«»»«. 
•II 10366 5 9M N M.020363,| (1 ,036659]; 2 2i t^i 367 , "Homo sapiens chromoaome 12 
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25 



30 
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40 



mtlwif 6 (C120rf6) ' mRNA "» 8i|20127593|reflNM 020367.2|[201275931. 2232- 

open reading frame 5 CC12orf5 , l mRMA riSKIf; sapiens chromosome 12 

NM n?m7Q »u orn), mKNA , gi|9966848 reflNM 020375.1|r99668481- ??*d- 

(AF15Q14), mRNA", gil24475852lreflNM WnSSco'J 0In0 Sapiens AF15ql4 protein 
sapiens chromosome 6%enreaS NM.020381 , "Homo 

gi|29893561| r eflNM_02038l4^893^] 2237 ^0203^^' 

(camK^ H » 

sapiens nuclear pore complex protL'^ToTSA" 687435 * NM - 020401 • " Hom ° 
gil9966880|ref]NM_020401J|[9966880]-224o C^2niin »« 

(ATP 13 A), mRNA", gi^^^^iJ^SJ^. ^5fS^7 toe, W» 13A 
sapiens poly(rC) bindine protein 4 rPCRP^t ^ ' • ! • ] ' 2241: NM_020418 , "Homo 
81114670367)^^ . . 

partaer PACE-1 (PACE-1), transcript variant S f ' ** WnB ezrin " bindin g 

gi|27363466|refINM_020423.4|[273634661- 224?NM 02049A 

protein A-211C6.1 (LOC57149 mRNA" '^1997^ '"^o sapiens hypothetical 

NM_020433 , "Homo sapiens junctophmn 2244: 
gj|29893810|ref^M_02043? jB^fS^SS^ 1™ 

ailiJi^o^i iensNDRGfam "y member 4 (NDRG4 , > mRNA" 

gi|14165263|refp*M_020465.1|[141652631-2247-NM cvnd£ fef^ '. 

protein dJ12208.2 (DJ12208 2 mRNA" , ^ ' " H ° mo sa P iens hypothetical 

NM_020529 , Homo sapiens . ^^^Ei2^-^ 3,P<W0310 ^ 2248: 
"inhibitor, alpha (NFKBIA^ mRNA » Si mnoSf, 55? P 01 ^* 1 ^ gene enhancer in B-cells 
NM maw -wi • » gi|10092618 reflNM 020529. l|r 100926 181- 2249- 

jnm U20533 , Homo sapiens mucolipin 1 (MCOLN1 { m PNA» ^ i|Liwyzoi *J> 22 49. 

^|10092596|refjNM_020533.1|[10()9259^ 2250^ 

aC ,^?S f ? aSe (CHAT )' variant M^mRNA 1 ' H ° m ° Sapi6nS ° h ° line 

gi|11038626|reflNM_020549.2|[11038626]-22 5 nSl 0206^ R »v • . 

growth factor 23 (FGF23) mRNA" «ril iS^ti" ^T??S5 ' H ° mo sapiens fibroblast 
NM 02n*ttQ »u rw ^,»™. gi|l 5055547 reflNM 020638.2|[1 50555471- 2252- 

SfrS^l ' ^™ S . api6nS d °main 3 (ANKRD3) mRNA" 

gi|41327753|reflNM_020639.2|[413277531- 2253 • NM n™£m n£ ' 
(RP42), mRNA", gi|36030882|reflNM S&TA TBS, 1 * 42 h ° mol ° g 
sapiens chromosome 11 open reading frame 7l7 relief t NM 020642 , "Homo 
* P1361869MINM_^ varia *"> "2, mRNA", 

SS5S!S» Homosapienstwisted 
homolog 8 (Pc class ta^SS'S^gg 49 ' " Ho ™ ohromobox 
gi|10190681|re£]NM_020649 |[10 90681 • S9 NM^OfiSS « 

(JPH3), mRNA", ^1704282,^2^ 3 
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femily (RAB22A I ^SiHSS* RAS oncogene 

5 MM _0207 P 10 , ^ffigffi',S2£SS^SSS5^^ 22631 

10 transmembrane domain (TM), and cytopla^mc StaJfa? -vf ' ?° m ? Sapi6nS S6ma domain > 
transcript variant 1 mRNA" <ri I249%n? T^£nT%%. ' ( sema P honr 0 6D (SEMA6D), 
••Homo'sapiens ^ NM 020892 . 

' ^|24308252|ref]NM_020892.1|[243082^ 

protein (KIAA1536), mRNA" gi|1414974i ^iJ^woo ?fr^ Bom ° Sapiens KIAA1536 
15 "Homo sapiens plecksSomoW Sl^^f^^'? 1 } 1 ^ 41 ^ 2269: 020904 . 

specific) member 4 (PuSSS rfS^ISSES S l^ hos P hoi ^^de" 5 -'binding 

(HIST1H2BB), mRNA", 8>U^9^303|»B^fM^(Q'lC^^? 2 1^^^3^^27^MM frjifnn^' ^ 2 ^ > ' 5 
25 Homo sapiens latent transformi™ orAwtfe vVT. ll i. ^ 76: NM_021070 , 

£84972?7,re t ^_021070S 3 (LTBP3 >'"> ^ 

(NMB), mRNA", gi|24475648lreflNM m £ ltr^2z}2P ' Homo sapiens neuromedin B 

^- disabled 5^^ 6 SS%K^^ ; 22?8: NM -° 21080 > "Homo 

f|33350927|reflNMJ)210803|[333509^ UmnM . 

(CAC^l 0 ^ 

sapiens NFS 1 nitrogen fixation 1 (S c^Z^f^U ? 4076 ^ 2281 : ^-021100 , "Homo 
protein, transcript variant 1 mRNA" riS^i ^f^&fS!?* gene ' mitochondrial 
35 NM.021104 , "Homo s^ienTr^^ 2282: 

gxil0863874MNM_021104.1|[10863874S3:^^ , • 

mercaptopyruvate sulfurtransferase (MPST) mRNA" * " PM91S 

gx23510449|refiNM_021126.3|[235 0449 • 22^NM 0211 « m 

(2 ,5'-oligoisoadenylate Whcie^lq^^ S3pienS ribon ^ase L 

40 ?|30795246|ref|NMJ)21 133.2|^^^ . 

nbosomal protein L23 (MRPL23) nuclear mm™^" ■ • ' ?° m ° Sapiens mitochondrial 
gi|27436903|ref|NM_021 lMJ^S^SS^Sl mRNA "> 
g^osylase 2 (UNG2), mRNA", tflOBfiffigJ^ 

' .,S° mo sa P iens coactosin-like 1 (Dictyosteliunri CCOTT n iIpwa* ?: NH. 021 149 

g^SlO^MNM^im . 
open readmg frame 97 (C20orf97), mRNA", giKB^l^M 
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gi|23943865|reflNM_021 165 1|[23 943 865] 2291 NM ofn68 3. ' 
member RAS oncogene family (RAB40C) r^ R^ 400 ' 
2292: NM.021174 , "Homo sapiens p30 DB^^c^em^^^C n I! re ^^V . ^* * It* 8373 307]; 
g 1 |40548406|reflNM_021 n^I^OS^^S^^??^ ^ P * ^V*' mRNA "' 
open reading frame 47 (C6orf47) mRNA" eil l(M«5i? USI/ Sapiens ch ™niosome 6 

NM_021 187 ,"Homo sapiens SiSW-? 
(CYP4FllV., mRNA) gi|108639?2^M ^n^lwS^^r pade " 
sapiens homeo box D12 HOXD12 mRNA" ^iSSf NM_021193 , "Homo 

NM .021195 . "Homo sapiens d^^^^ 1 "^^^^^; 2296: 

gi|39725680|refINM_0211953|[39725680];2297 r^2l'l99 »H om o • MJ 
reductase-like (yeast) (SQRDL) mRNA" ri)10R64nVnT fir?* '^° m ° Sapiens sulfide <fl«none 
NM_021204 ."Homo sapiens iT^J^sl!^ 
gi|10864016 M NM_021 P 204.1| [ 108Sr6 ] ^ „H omo . fc 

«*|3«13589|«f|M<.02 I 226l|P401355]^^i ! ?S^l 

open reading frame 14 (C12orfl41 mRNA" riM n^Jif ii™ Homo M P lra s chromosome 12 
NMJ121242 , "Homo ^en^^^ 8 |^^-^ 3 M[10 86 4048] ; 2303: 

•I?r„ ' mo sapiens neuroglobin (NGB) mRNA"" .""^""""SJ^OJ. 
g.|21361878|reflNM_021257.2|[21361878] 2306:NM^1258 "H„m„ • ■ , 

sapiens potassium intermediate/small eo„A,/t,„„ i ■ 86406 ?^ ^O* NM.021614 , »H om<) 

member 2 (KCNN2), trnnsoripTSu""^" SSESTSLS'Si*" " SUb&,nily N ' 
2309: NM 021620 % mn 1 ™ ' ^l 257 ' 7644 NfIM 021614.2|r257776441- 

*|4134™6^ mRNAl 5?77644] ' 

receptorpotential cation channel, -b^v S ^^T" 

mRNA", gi|22547183|refINM 021625 SiVTS^n kJ^S^™ 01 ^ Variant *• 

sentrin-specific protease SENP2) ' aill IMWil iSt^f 27 ' H ° m ° Sapiens 

NM 021633 , "Homo sapiens tato^'SE^SffiTS^f l 10 ^* 2312: 

gi|21361889]reflNM_021633.2|[213618891- 2^ NM " m55 ' 

open reading frame 10 (C12orfl0^ mRNA" crili inl^^T xSL' mo sa P lens chromosome 12 

homology 1, basic leucine zipper transcription fact™ ^» ?m a ^° m ° SapienS BTB "d CNC 
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^Sffl^^ 2318: NM.021818 , 

^^13MNM^ . fc 

open reading frame 75 (C6orf75) inRNA" rill 1 lii&i ~? m ° Sapiens chr °mosome 6 

5 NM 021823 . "Homo sapiens S^^S^^SSS^S^ 1 ^ 141 ^ 2320: 
p21361899|reflNM_021823.2|[21361899 ; P 2S n ^ 

m eracting factor 3-like 1 (S. pombe) (NIF3L1) mJ^A" Homo sapiens NIF3 NGGl 

gxlll 141898|reflNM_021824.1|[l 1 141898] ? 232*S£ ^021 82* » W 

protein FLJ13149 (FLJ13149) mRNA" ril408o^R^-^ ^ H ° m ° sa P ier * hypothetical 
10 NM 021828 , "Homo sapimi^^^^^^^i^mi 2323: 

gi|40254951|reflNM_021828.2|[40254Sl];2^f^^^ ~ 

external ophthalmoplegia 1 (PEOn mRNA" <Hl^^,l !2i Ho ™ sapiens progressive 

g»|34147509|reflNM_021831.3|[34147509]; 2326 NM 021 X ' 

15 protein 1 (mitochondrial, proton carrier) - J ' - S3PienS ^"P 1 ^ 

protein, mRNA", gi|21614550|reflNM 021833 3112 iTl™??™^ mitoch °ndrial 
sapiens aristaless-like homeobox V(^X4) mIWA» ^ * NM - 021926 ■ "Homo 

gill 1496266|reflNM_021926.1| [ 114W6^2328^NM 021932 "Ho™ • a, 
ofmousesynembryn(RIC-8) mRNA" m ?7R8*«*T*xt, J? ' Homo sa P le ns likely ortholog 

protein FLJ1 1 773 (FU1 1773) mRNA" ^J^o'rSt-^Iix H ° m ° Sapiens hypothetical 

25 membrane-associated protein 1 r<?A/TAPi% dxt a •• * Homo sa P*ens stromal 

2333: NM 021943 "Ho^s JS^Ztis e ^ ' gl|21264557 l re flNM-021940.2|[21264557]; 
8i|1134548l|reW_02194 3 K 

protein FLJ1 1362 (FLJ1 1362) mRNA" ril W-Si^ 46 9 H ° m ° Sapiens hypothetical 
NM 021958 , "Homo sapiem ICOlft-p lf^ if i ' r ®^NM_02 1 946.2|[3328644 1 ]; 233 5: 

phosphatase 1, regulatory (inhibitor) subun 1 1 1 PP1R1 i v- ^ Hom ° sa P^ protein 

gill 13861 74|reflNM_02 1959. 1 1[ 1 1 3 86 174^- 23 37- NM 0? t Qfi i « " Pt Vanant mRNA "> 
family member 1 (SV40 tran^rinti^i i t NM -°21961 , Homo sapiens TEA domain 
gi|38570152|ref]NM MlSSaS^S^^Sft "(TEAD1), mRNA", 

kmase 1 (SPHK1), mRNA", gi 21361087MNM' 0^2 21^36^871° STMf? 8Mil,e 
"Homo sapiens polymerase (RNA - ) II ^NA HJr^^ 7 IL 1087]; 2340: NM_021974 , 
^1146024511^^ 

40 containing ion transport regulator 6 (FXTO6) mRN^' ' H ° m ° SapienS FXYD domai » 

gi|11612654|ref]NM_022003.1|[116126541; 234^M 022mo » H 

malformation (ectrodactyly) type 3 (SHFM3) inRNL^" ' H ° m ° Sapi6nS ^hand/foot 

gt|24475655|refINM_022039.2| 24475655^23£^ , 022041 <>V 

neuropathy (gigaxonin) (GAN) mRNA" ril216145i ^ m °, SapienS ^ 3X01131 
45 NM_022042 , "Homo sapiens soh^rie^ 2344: 
(SLC26A1),", "transcript variant 1 mRNA" ^a^^SSfS***^ member 1 

«m i, mKJNA , gi|20336271|reflNM_022042.2|[20336271]; 2345: 
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inivi_uzzuo4 , Homo sapiens ring finger nrotein 1 9* n?xri7i oa\ r»x T a ,. Jj 

15 ATPase (HSA99471 mRNA" !J; '■ Homo sap le ns putative 

"Homo sapiens angrS^ SSSVSSSS&T 89 -? 1 ? 34 ? 512 * 2355: V.022096 , 

open reading frame 10 (CBorflO) mRNA" «niSf i xSi 0 Sap,ens <* rom °s°nie 13 
NM 022120 , "Homo sapiens lISSK'S™' 2362: 
gill 1545840|reflNM_022120.1|[l 1545840?23S?NM^{?^ ) " ^ 1 

, : h1o sapieS go.S » pt S ^JSfe wSSMS' 2365: NM -° 2213 ° 
g.|29550859MNM_022130.3|[295508591- 23?6 NM o£m A 

1 (MAGEF1), mRNA^'^S^i^M 9 O^gS^*^ 
WM_022151 , "Homo sapiens modulator of aooDtosis 1 nun a Sn im, J ' 9: 

g|21536456|re£lNM_0221513|[21536456] lT™ ^ A 
40 (PP3111) jin RN^gi|4080734eflNM02^ 

sapiens Ras-related OTP binding C RRAGC1 mRNA" ] ' = NM ~ 022157 • " H <>™> 

p|31542866!reflNM_022157.2|[31542866];23 9 72^M 022158 « Hftm • ^ 
kmase (FN3K), mRNA". gi|31 542792 IreflNM «V^*S m, ° Sapiens ^ c t°samine-3- 

"Homo sapiens lipocalin ^LCN71 ^SS^lSSS'S ^ NM - 022 164 , 

NM_022171 . "Homo sapiens 2374: 
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«S'S^^ Proto g i i 1164 1242|ref]NM 02234 11 64 1242V 2376- 

homolog, subfamily C, member 1 (DNAJC1) S 1 H ° m ° sap,ens DnaJ ^P 40 ) 

gi|2O61911|reilbrM_022365.2|r213619nV2381-NM'i»^fi »n„ 

g.|21359942|reilNM_022450.2|[213599421-2384-lC^44l " H „ • 

(AD24) mKNA", gi|31377626 ref|NM 022451 "i [3^77026 238* Pm,ein 

Eoik^^^ 

»722»^ 
^^79?^^^ 

membrane protein, palmitoylated 5 iMAornr ..V/ -1 WM - 0 p 474 ■ H °n>° sapiens 
gi|38570141MNM P OlXj^Lw^go "* NA " 

Homo sapiens nbosomal protein S18 (RPSIS^ mRNA" •" OJ °l» 1NM_022551 , 

gi|14165467|reflNM 022551.2|[141654671- 2396- NM 0??^ "w 
protein sorting 52 (yeast) (VPS52), transcripfvS^S ^ 
gi|18379339 ref]NM 022553.3|[1 83793391- 2397- NM AS*Vs ..xt 
(HOXC8) d244975&^ 

anemia, complementation group F (FANCF) mRNA*^ ' Sapi6nS FanC ° ni 

gi|42716285|relllvJM_022725.2|[427162851-2401-NM 0??79fi »w„ 

very long chain fatty acids (FENl/Elo2 S^4/Flo^? ♦? rl ^SfS^ 08 elon ^on of 
gi|21362099MNM Q227^.^ffiS^Si 022797 »w (ELOVL4), mRNA", 

gi|21361611re^NM_0227273|[213616111-2403-NM 0777^n Wrt . ™ 

°—vepho t omorp„og^^ 
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gi|12232384|reflNM_022730.1|[122323841: 2404- NM 022746 "Wn™ ca ~i«„ u +u * , 

NM° 022762 ^Ho ^ ^ * ■ 0r ^V m ^^^ ^^^243ojrefp^^02^^°l^[122^43^^40S^ e 
SoSSZS • Sap,ens ^0*^ Protein PU22318 (FLJ223 18) mRNA" 

gi34147687|reflNM_022762.3|[34147687]; 2410: NM 022765 , Homo saofeaisNEDDQ 

nrotHn 18 fP>jmcw,.o • J . aujoj, z^ij, JNM_022781 , "Homo sapiens ring finger 

24^™™™' ■Z S °" P tV ^y' I f NA "-8i| 375 "174|reflNM_022781.3|[375771741- 
«14. NM_022784 , Homo sapiens hypothetical protein FIJ12476 (Pr Tl 747m JimJln 

g.|12232474M^_022784.1|[1223i474] : 2415:NW ^8 ^,'«on^ SS^mndin. 

^2095364|re^.022897.2|[220953o4]?2 P S S /Sapiens B-cell 
CXIVfymphoma 1 IB (zinc finger protein) (BCL1 IB), ttanscript" 'Variant! Sa" 

•HTcSf^, ' m ° Sapiens h yP° th etical protein FLJ12442 (FLJ12442) mRNA" 
gi|12597652 reflNM 022908. 1|[ 125976521 • 2425" NM OWQii «w« ''^^ 't 
familv 26 mt > m Lr *7qt ™*a^ II . iNM_U22911 , "Homo sapiens solute carrier 

protein 24432 (24432), mRNA", «12^wJMlV(l^?SW!S 17 
, "Homo sapiens nucleolar protein family 6 (RNA-associated^. mm k\ +rll' - J' ,? M - 022917 
alpha, mRNA", gi|39777587|reflNM ^l^^^^^^^^^ . 

^n^? 1 ,^ 11 FU12949 0^2949), transcript variant ' ° 

gi|30410782MNM_023008.2|[304107821; 2429- NM 023039 "HnnuT^^ 

m^;, - 3067 9 Homo sa P len s forkhead box L2 (FOXL2-) mRNA" "ozuozj, 
g 1 |42716284|reflNM_023067.2|[42716284]; 2431: NM 02307^,^0 'sapiens 
spermatogenesis associated, serine-rich 2 (SPATS2), mRNA", 
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•gi|12751480|reflNM_023071.1|[12751480] ; 2432:NM 023918 "Hn™ ■ 
type 2, member 8 (TAS2R8) mRNA" mlfto<«vMi H ' Homo sa P iens taste receptor, 

NM.023921 , "Homo sapienSfeceSo^ ^ 9 ^73|refll^_023918.1|[12965173]; 2433: 
£12965179 M NM_023 P 921.1 TSS^^^^^^^^ 1 . 
type 2, member 14 (TAS2R14) mRNA" rill 9o2ii2? t iSX ' Homo sa Piens taste receptor, 

« 1*™*^ mRNA", 6L 2438 - 

protein MGC2494 (MGC2494), mRNA" ei II 3097^001" /U mo sapiens hypothetical 
NM_023936 , "Homo sapiens mi^tochondrS £ 599 MNM-°23933.1|[13027599]; 2440: 

encoding", "mitochondrial ^oS mR^S SS^TSS^? 4 ™ 3 ^ nUclear * ene 
NM_023938 , "Homo sapiens spTcificaUva^if 027603 ,l ref lNH_023936.1|[13027603] 2441: 
^05563 73 ,ref^M_023 P 93T3 W^ySS^SfoS^T^ **** " 

. P450, family 4, subfamily F, polypeptide 12 fOT^S » t^^ 01110 Sapiens Chrome 
^ 13 lW04 5 |reflNM_02394 P l|[ml^^ 

protein MGC3 130 (MGC3 130) mRNA" ei it 1 1 7si~ ak™ t A H ° m ° sapiens hypothetical 
NM_024034 , Homo sapien SiS^S^ iiS^-^" ,P15 « 17 ^ 2444: 
«XGDAPlLl), m RNA" P gi|305 8 8lf59N^ 1-like 1, 

salens chromosome 10 open reading frame 66^ ISwStt? iJS; 24455 NM - 02404 0 > "Homo 
gi|13128995|ref]NM 024040 1111312899^ 244* ?SS^S'n I !ff NA » 

modifier 1 (SCNM!)", nRlS^W^Tb^feSJ? 4 ^, SapienS SOdium ^el 

"Homo sapiens DEAD {A^^^W^ 1,1 ^ 312899 ^ 244 * NM 024045 

open reading frame 18 (C22orfl8) mRNA" riiwSfS^ X? Sapiens ch K>mosome 22 
NM 024057 , "Homo sapiens nS^^^i^'^^?^^ 2451: 
gi|34222120|ref]NM 024057 211342221201 ^. *^&j£ t * A t 
3 (PDCL3), mRNA^gi^lsl^ 

sapiens hypothetical protein MGC2731 QOQCmr. S L * NM_024068 , "Homo 

° ^ k_Asp) b ° X PO^eptide 54 (DDX54 mRNA" ' ° Sapiem DEAD < Asp - 

©H9923594|reflNM_0240 7 2.2|[19923594] 2^NM 02407, 

receptor cluster (LRC) member 5 (LENG5) mRNA^" ' H ° m ° SapienS 

gi|13129061|reflNM_024075.1|[131290^2^^M 024076 "IT 

channel tetramerisation domain containing 15 (KCTTO 15^ '^rnR w ? ° sapiens Potassium 
gi|13 29063|reflNM_024076J|[13129063] 2457 mi O^oT^ 

protein MGC3162 (MGC3 162 mRNA" rill31 2QO^F fli^ A^?° m ° Sapiens hypothetical 
NM 024080 , "Homo sapiens Sen^ 2458: 

assssaESKSSSsSSSST 



-349- 



WO 2005/003766 



PCT/US2004/019017 



gi|31543810|ref|NM_024082.2|[315438101-2460-NM 0?4n«^ »w„ 

part sarcoma chromosome region, Candida el "f WS^l) „^^° S ° ft 
gi|17572803|ref|NM 024083.2|[17572803V 2461- tSJ (^nao^S ' 

^Piens ankyrin repeat and SOCS boLZ^^^frS" NM - 024095 • "H° m0 
g>H0556379|ref]NM_024095.2|[40556379V 2** mfoS^^ ' ■ ™ 

™™>rf was ^ orrelved. 3S^Z^£?^^|»«W^ 

sapiens hypothetical protein MGC4614 (MGC46 14) mRNA" NM_024294 , Homo 
g.|13236513|reflNM_0242944|[13236513];2476-t4n2«99 "Ho™ • t 

s; n 7.^ 2 «oo (c20orn49) - ™ K ^T^^r 20 

protein MGCl 1266 (MGCl 1266) mRNA" ^llSM^aT %L £° m ° S T MS hypot,,e,teal 
NM 024323 , "Homo sapiens hSorhSctl '^SSSiS^^SS? ^ 
gt|31543147|ieilNM_024323.3|[315431471- 2484 NM 024VM (I ^ U271 ). "KNA", 
family 27 (fatty acid transporter), memb^ivYSL^ 4 m^" 1 " °" nta 
g.|132365781reflNM_024330.1| [ 13236578] ; 2485-^ miM^omo = • „ 

•fS? ^ H » Homo sa P iens Prodynorphin (PDYND mRNA" 4 H"^««J» 2 «88. 
g.|32483402 M NM.0244n.2|[324 > e 1 34 r ?2 ]; 2489^^.9 . "Homo sapiens 
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phosphatidylglycerophosphate synthase (PGSn mlWA" 

gi|21314623 W M_024419.2|[^314623]?24^ „ ft . „ 

protein (BITE), mRNA", tf|1334«99|n^^ CS^ 8 

s SSSS™ PR d0main filing 1 4 (PRDM 14) mRNA" ' 9l ' NM - 024504 > 
5 gi|41349468|ref]NM_024504.2|[41349468 ; 2492^ ^^4504 » W 

^io^^ calciu -binding domain 5 (NOxTrSl'' ' ^ NADPH 

gi|20127623|reflNM_024505.2|[201276231- 2493 NM 0^450* >n* 

beta Mike (GLB1L), mRNA" ri|4Q255M?l^flMJ^^??fr ' H ° m ° Sapiens galactosidase, 
"Homo sapiens krmgl^conteinm^ Zn^neSS^" 02 1 5 ^5 402 55042]; 2494: NM 024507 , 

10 ^\*|27437oS^ 

leucine rich repeat containing 2 TLRRP?\ ™w-nj a . .fTf^i. - 4512 ' Hom o sapiens 
2496: NM 024523 , "Hom7sap en^S^^ * f il4 Jl 9432 l ref l N M-024512.2|[i4719432]; 
"ff- *I 34 305454MN^S 1 ( GCC »> 

tetratncopeptide repeat domain 13 (TTC13) mRNA" NM -024525 , "Homo sapiens 

15 gi|3 1377702|reflNM_024525.2|[3 13777021 2WNM 0945^ 

protein FLJ12118 (FLJ12118) mRNA" a i nra^-S^i 7 ' H ° mo ^^hypothetical 
20 NM_024540 . "Homo sap ens m ?Si^ 2501: 
"35 "f^ ond Z proteCtnsS; variaT S« 4 <M * PL24) ' ^ g6ne 
gi|22035587|ref]NM_024540.2|[22035587] 2505 NM ^44 ' » W 

protein FLJ12875 (FLJ1 2875), mRNA" rill 3^75 7n4l~fl^^ oA ' mo sa P*ns hypothetical 
NM_024546 , "HoL sapienVch^mosomJ 13 ?IS ^' ^ e i 1>,M r 024544 - 1 ltl 3 375704]; 2503: 

^^^^ 

alpha-D-galactosamineTolypeptide 'W-KetvLl«^- * 12 ' ^° m ° $apiens ^-N-acetyl- 
(GALNT14), mRNA", k^Z'^^mi m?^ f ?S 'i (0llNAc - T14 ) 

35 ^^Zr 6 "«-" readfa 8 f2* NM_024573 , "Homo 

35 »|13375745|refpflH_024573.I|[13375745V25l0NM ma-t^Ti™ 

protein FU13119 (FU13 1 191 mRNA" JwnA^~^. . °J, Homo sa P iens kypothetical 
NM 024583 , "HoL S apien™m 3 fS 4 Sa^ 02458 °- 3|[4025524<]: 25U: 
g.|38504670|rrflNM_024583.21[38504670] ; 2512 iCo24584 »H 

protein FLJ23548 (FU235481 mRNA" S^^Jf-^ 90 ' Homo sa P iens "W*etioal 
NM 024594 , "Homo ^^LS!^^^^^^^ 
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NM 024608 , "Homo sapiens nei endonuclease VHI-like 1 (E coif, nvjpn n ™SSi» 
^13375816|ref N M_024608.1|[13375816]; 2524: ST^^SfS^lWgl 
o^r»» mP ° rarily removedb y *«Seq ^ff for additional 2525 

variant 1, TO ^ 

miC6L 2 ^ ^^°» Sa ^A S ^l S ^ CtU1 ^ ^^eof chromosomes <££ l ( y L) 
(SMC6L1) ir^A^ gl |31543646|reflNM_024624.2|[315436461; 2530- NM 024628 
Tx? A S « SOl ^ e Camer family 12 (Potassium/chloride transporters) 

mRNA", gi|42740889|ref|NM 024628.4|[427408891- 2531 NM ft?£Sn «w ( SLC12A8 )>. 
finger, DHHC domain containing 14 (ZDHHC14 mRNA" NM -° 24630 ' Homo sa P iens z ™ 
gi|24371240|reflNM_024630.2|[243712401-2532-'NM 024^1 »w • , . 

c 02«i 3 23 ^ 2 (fu23342 > mN^^ssr 

salens hypothetical protein FIJI 1753 (FLJ11753) mRNA" 

gi|40254964|reflNM 024659.21140254964V 2538- NM md/Ln »n , . 

™Seti»^ 

nCoS'-h^ 1179 *^^ 

Sjv^S?-' ?"F ressor °f variegation 3-9 homolog 2 ^roaopMa) 

(SUV39m),",mRNA,g,|341476U refINM 024670.3)13414761 11- 2542- NM 024679 »h 
sapiens THAP domain containing 9 (THAP9) mRNA 'J' 2542. NM_024672 , "Homo 

s^So^ L 2544 h NM ; 024675 • 
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™?°£2£f£f (FLJ22 ? 29 >> "RNA". gi|13375953|reflNM 024683.1|[1337S953,- 2548- 

S fstS 5 ?I^S?- C T^ ily , 23 ( mito<!h '>»«=l carrier: glutarnate), 
NM 024«f C25A22) ' "f™"' 8?|34222352M1NM_024698.4|[342223521; 2551* 

srare^ "f A ;- ^^^^^13^2^3^ 

sapiens human immune associated nucleotide 2 (hIAN2) mRNA" NM - 02471 » • Homo 
gi28416428|reflNM 02471 1.2|[28416428V 2557- NM (Mil »'« 

cell motffity 3 (ced-f2 homo4 C S " P,enS OT8UUhiart 

g-|1971OT0M^_024712i|[19718770];2558: MM S -Homo sapiens FLJin.n. 
proton (FU10101), mRNA", gi|38201703MNM 024718.2 [38201TO?S S ^723 
<SSt«S^ --NM 024723, 

proton408 (ZNF408), mRNA , m3^^^\^^SS ! SS^m 

SKssrz 6 rHPS6) ' ^-^^XSS^dss^ss^ 

«^SS5Slrr» mRNA , 

Jw^St oi'„ ° m ° SapienS MOB1 ' M P S ° ne Bind ^ kinase activator- ike 2B fveastt 

Homo sapiens hypothetical protein FLJ23 129 (FU23129} mRNA" WM - U ^763 , 
gi|33946333|reflNM 024763.2l[339463331- 2570- NM 0?477n • . , 

protein 127 (RNF127),mRNA" J gi|37622895|re^02^^ 

' T™ P^P^MyltaositoM-phosphate 5-Hnase, type n W'wS 
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protein FLJ13224 (FLJ13224), mRNA" e 133761 nh^S^^SS^ Sapi6nS h yP othe ti c al 
NM.024800 , "Homo sapiens (nef^ fa Li o 7 ^ NM - 02 799 1|[ 13376 172]; 2578: 

hypothetical protein FLJ23554 fFU2355^ w,t! • / • N f- 024806 > Homo sapiens 
gi|40217798|ref]NM 024806 21 S^^nJ' ' 

protein (FLJ22624) "mRNA" 1tfB8«S^^ , ™?^r° 24808 » " Homo sa P ie *s FU22624 
"Homo sapiens vS^^jS^^^^^ 50 ^' 2581: NM.024811 , 
10 ^1244320151^024811.2^4^ 

activating enzyme El-domain containing 1 Vubpi nr n » "1 ' • pienS ublc l uitin - 

gi|38327030MNM_024818.2|[3832703 8 0 S\ ^T? ^ *» mRNA "> 
protein FLJ22349 (FLJ22349) mRNA" Sin^oV Lf 0 " 10 sapiens hypothetical 
NM_024823 , , ref^ 024823 ^T133762 91 3 ^ 215|ref ^ M - 02482 l.l|[13376215]; 2584: 
15 stafffor additional review 7,2585 l^^iy^TZ^ by RefSe 1 

(HDAC10,mR^A",gi|13V76227|re^ 

X?7^orir 6 9 ° PSa readi ^ ^2 (S NM.024828 , "Homo 

gi|13376229MNM_024828.1|[13376229]; 2587- NM 024^1 "Vr 

coactivator 6 interacting protein (NCOA6ff) mRNA" ' Sapi6nS nUclear rece P tor 

20 gi|19923660|reflNM_024831.5|[19923660]- 25^NM 0248^4 '» W 

SlSSS?g lh SS d p ' otein ™» 3 i^^S^ ; 2592: NM - 024853 • " Homo 

gi|13376276|reflNM_024853.1|[13376276]- 2593- NM 0?4*fin 

protein FLJ21 148 (FU21148) mRNA" mil H ° m ° sapiens hypothetical 

protein FLJ14050 (FLJ14050) mRNA" J liw«nX-2S « ' Homo sapiens hypothetical 

protein FLJ1 1535 (FIJI 1535) mRNA" 2 «;. Ifom ° Sapiens h yP ot *K*icaI 

NM.024894 , "Homo ^ffiSffiffl^ 26 °° : 
gi|13430871|reflNM 024894 1 |m 43087 S-C^SSP 407 ^ 01 ^' 
Jade-1 (JADE1), transcript varian S \^^^^^T° PHD P rotein 

NM_024901 , "Homo sapiens l££22 prolfa SS^^^ 19923 ^ 2602: 
gi|34147689|reflNM_024901J|[34147689 P 2^ 

K24^S 
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5 sare f u23 T % « *i54^^M brass's 8 

protein FLJ21 019 (FLJ2 1019) m RNA" Jum^^-^ lx Homo sa P*ens hypothetical 

protein FLJ1361 x (pu^, n „ RNA „ J ,,,— . , ™-° 24 . 941 • Hom< > saptens hypothetical 
NMJJ24946 , "Homo saplen, ^'tSilSl 1 MNM -? 24941 l|[1337S418 ^ 2 «* 
15 gi|13376428|ref,NM JbSS TO«e? 2^5 S? 30 m ***^"» 

20 

^5 Homo sapiens pantothenate kinase 2 fHallervorden ^ ^ ] ' 2621 : ^-024960 , 

sapiens hypothetical protein <^6*f nS 2625: ^-^000 , '■Homo 
8r|13376510|reflNM_025000J|[1337S51u72626 nCo25(«M „ 

and metalloprotease (reprolysin tvoel with "thitt ~ ' Homo saplens 8 °«ititegrin-like 

35 transcript variant 1 mRNA" Sl284finSol' ^f^F^'" ^ 1 motif ' 20 (ADAMTS20), 
"Homo'sapiens ^^'jSSiS^^^f'^S^ 2 « 2 * NM.025009 , 

K™ 434 !^ 1434 6 \ mRNA '' ^^^"[SK" 

protein FLJ22582 (FLJ22582) mRNA" ^34147^-^ ^ H ° m ° Sapiens h yPo&etical 
NM 025054 . Horio sapiens vaSinSn^S 263 1: 

P 135 ( V Cn>135),mRNA^gi|38569451|^ 

^^ PienS ^tif-containing 46 (TRMof rSl" ^ ^ ™- 02505 * > 

gi|42415489|refINM_025058.2|[424154891; 263^M S *. H 
protean F1J23420 ^23420),^, 
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processing factor 1 (RPF1), inRNA" riBRMoZ™ ' Homo sa P iens RNA 

NM 025072 , "Hoi sapL^igS ™* 
mRNA", gi|40068467|ref]NM 025072.4|r4006846^2^7^f n?^ SCnpt Variant 
syndrome 1 (FRAS1), mRNA", gi)33413SeS' n^n^oof 074 • " Homo sa P iens Fr *ser 
"Homo sapiens UDpWonatfdec^ 2 638: NM.025076 , 

» ^l««l»^_025^|[4251«5^2^9? nTo250^£' 

P roteinFLJ23231 (FLJ23231) 5 mRNA" J 1337fi« frSS Hom ° sapiens hypothetical 
NM.025083 , "Homo sapiens ^^^^^-^d^ 7 ^ 2 640: 
g 1 |19923612|reflNM_0250832|[19923612;^ 

specific protease 36 (USP36), mRNA" iriiaslSlM^r^S^^Sl' ° m ° sapiens ubi qmtin 
NM_025092 , "Homo sapiens ^^S^^T^^ 5250 ^'' 2642: 
^U3376651|refINM_025092.11[13376651 ^S^S^S^^ "? NA " 
protein FLJ21 106 (FLJ21 106), mRNA" Sl3^K-£S?Li H ° m ° S3piens ^othetical 
NM 025106 , "Homo samen^wvi' ^ 133766 ? 9 l re 3NM_025097.1|[13376659]: 2644- 

hypothetical protein FLJ13909 (FU13909) iSSff- ^-^lOS , "Homo sapiens 

gi|13376678|reflNM_025108.1| 13376678]' 2^1«M 02.1 is « 

protein FLJ23263 (FIJ23263), mRNA" Sl'l337Kk^~S™V ^ Iomo sapiens hypothetical 
NM 025126 , "Homo ^rtJ^^ESSSfl^^ 1 15 ' 1|[13376690 ^ 2 647: 
*lf595536|refjNMj)25126.^^ 

endonuclease homolbg (yeast) (MTJS8n mRMA" %i i^S,' H ° m ° Sapiens MUS 8 * 

2649: NM 025129 , "Homo sao^n A^ 

*(341476HM^ 

protein FLJ21439 (FLJ21439), mRNA" 2 3 36^7^^ ^ H ° m ° Sapiens hypothetical 
NM .025138 , "Homo ^J^^^ 4 ^^^^ 3 ^^; 2651: 

mRNA, gi|25777603|reflNM O^iagSSS^TSl^iS? SJ^S?* taniod P t variant 
beta 2 (FLJ22471), mRNA",ii| 13376724^ 025140 ' STiS*" 

"Homo sapiens BBP-like motein ? mr J. -r° 14 V -11113376724]; 2653: NM 025141 

protein FLJ13448 (FLJ13448), mRNA" 2 3 154?s™ ~S ^ Ti ° m0 ""P* 115 ""yPOthetioal 
NM_025 1 50 , "Homo sapiens toeonrf Sa 7 ,WNM 025147.2|[31542687]; 2655: 

protein FU1 1848 (FU1 1848) mRNA" 2l1 wctm "SSL . ' Homo sa P iens h yi*"netieal 
NM_025181 , "Homo sapiens TsSc^Sw ^ 
8i|213 6 1958|ref^Vl81 2S a 9? 8 1 ^ 

(cxxc4), n^r^a^^SaSS •%5V* mm cxxc «w * 

^iens pseudouridytate synth^ ff^n SSa" 6 L NM- 025215 ■ "Homo 
^^SSS^ • »« -P'-billmooona, 
TRFl-mteractag ankyrin-related ADP-riboae poIjSa aVOlSS^ 
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polypeptide 3 (PRR3), mRNA" eil 1 WKRii^nf^^Z?* i H ° mo sapiens P r olme-rich 
"Homo sapiens lJ^SSU^W&^^^ ^ NM - 025267 • 
»|34147388|reflNM_Q25267l2|[34147388]; 2671 NM oioS^H^n ■ u , . 
protein MGC 1 0772 (MGC 10772) mRNA" ml2n*iQ?«i i inSi "° mo sa P ie ns hypothetical 

gi|20070185|ref]NM_030664.2|20070185T26^ . 

(S cerevisiae) (SEC13L1), transcript vaSt S ' ™° SEC13 " like 1 

gi|34335135|ref)NM 030673.2|[34335135V 267?NM mn^ « 

family 38, member f(SLC38A ) mRNA" 1™ S ? ienS S ° lute CMrier 

loop-helix domain containing, class B, 3 ^SsTmR^A" ' ^ heliX - 

&13540520|refiNM_030762.1|[13540520]-l68C Km»n «« 

folate transporter/carrier (MFTQ mRNA"' af» £i2?iol It?, 5 H ° m ° Sapiens mitochondrial 

"(NDEL1), mRNA", tfg SSSK^mSSisSL^SS'S 

sapiens chromosome 12 open r eading ta"Sa S NM_030809 , "Homo 

protein MGC10471 fMGC104711 „»».. iSH,^ISrl7 1 ' sapiens hypothetical 

S .|13 5 40 5 00|re fl NM.030824,, [ I3540 8 54 *£:1£g££ sapiens catenh, be. 
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^^^■S^^X^-. «»: NM_ 030907 , 

5 "Homo inte^ Zb^SSS^ NM -° 3 ° 92<i ■ 

9|31560867MNM_030926.3|P1560867); 2696- NM oaW »Ho mn . • 
similar to TM4SF9(DC-TM4F2) mRNA'' vSw' „? mo sapiens tet raspanin 

10 finger protein 146 (RNF146) mRNA" 1«« 7 « £ T ? 30963 ' Homo sapiens ring 

NM 030968 "Rnr«« oo • ),r ^* A > 8 l l 33636757 l re ^MJ)30963.2|[336367571- 2699- 

15 protein 2/3 oomplex^uborut 5-lto ^^5L) r^ * ' H ° m ° SVhnS ^ rcIattd 

"Homoaap J hyr^S^Sf^^ ^ NM -° 3 ' 213 • 
S|2n61948MNM_031213.2|[21361948V 2704 m; ' 

ffwSS^Kg^.^ «^ CMOCX2904 , ^ 27W - 
(A4) precursor protem-bindinst familv A milk, o» 'j? 1 • Hom ° M P lens amyloid beta 
variant 1, ntRNA", gipsSfiSw ^0 Tmi 2i™S^ 8 Sf* 1 ^^P). <^ript 
25 sapiens testis exposed ^n^^T&l!^ 1 ^^- 2707: NM03!275 , "Homo 

^- 031280 • "H»™ -P-mitochondria, 

Sj|165546lVe^03™tt 
30 r^'K^^ 

associated 1 (GSG1), mRNA" rill377^milf^^^ooa??? ' Homo sa P iens g erm ce U 
"Homo fpi ens *A&^eS NM_031296 . 

. ^13786128|ref]NM_031296.1|[13786128];2713 N^W^ «HoJ^ ' v . 
> protein MGC2963 (MGC2963) mRNA" o^lt vn<o\ \aV I™, A, fi« m ° Sapiens hypothetical 

protein P5326 (P5326), mRNA", gi|31543378 7 r; 7 ^03 450 *™SS5tf 

^42 8 «t;^ 

Sl|398 1 2393|re fl KM.03, P 922.2, P 981^2»^ 
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SS^^ 2722: NM.032048 , "Homo 

5 gi 1 1 98 822 1 2|ref]NM_032 119.1|[1988221 2] • 2724- NM M2U f »i?^ A ' • 

member RAS oncogene familv % ARfiiA mn,, 032144 > Ho ™o sapiens RAB6C, 

protein FLJ20542 (FIJ20542), mRNA" rill4^^-^ 7 ^r a6mo SapienS ^o^tical 
10 NM 032204 , "Homo sapiens S cZ ^ 2727: 

protein FLJ21777 (FLJ2 1 777), mRNA" eil'l 4 1 4QQf^~flxm^ a4 H ° m ° sa P ie ™ hypothetical 
NM_032219 , "Homo s^J^^^^^^^^m^^^l 2729: 
. gi|31542730|ref]NM_032219.2|[? 54273? CSSf 69) ' "^A"' 
15 protein FLJ23027 (FLJ23027), transcript^rianl i S ' H ° m ° SapienS ^^cal 

gene encoding", ■ 'mitochondria? pratefa ri^^TS^ < MRPM ». ""elear . 

2735: NM 032509 , "Homo saois™ RM??T ' 8 ' |21265092 l re flNM_032477.1|[212650921- 
gi|3 1543090MNM L^Sg^^ffi^^ W 

25 nuc lear factor n-pac (N-PAC), mRNA" i««7a-Z; H ° m ° sapiens c ytokine-like 
NM_032668 , , ref]NM 0326^8^249^31! ^ ^I ^?? 1 - 0 ! 2569 - 2 '^ 0556375 !' 2737: 
staff for additional review., , 2738 NM [03271 ^ rSS nfo^?^ removed b * Re ^q 
was replaced or removed. See revlsSnhistorl to h2? M »^15.1|[14249317], This record 
lamin B2 (LMNB2), mRNA", S^SSm^t^^^ 032737 ' sa P iens 

30 "Homo sapiens tripartite motifSontahdng 52 ^^^Z 43695 ^ 2?40: NM -°32765 , 
gi|34 47443|ref^M_032765.2|[34147443] h2741^M 032^ V 

gene supported by AF03 8 1 82; BC009203 (LOC903557 S I » ° Sapi6nS h yP othe ^al 
gi|15 50804|ref|NM_033284.1|[15150804]; 2747 NM 0^41 1 "* 

containing 2 (RWDD2), mRNA" rilU929i ™ ii^-? 3 ; ' Homo sa P iens RW D domain 
NM (mais '>ti„ . , '^ |J4222125 MNM 03341 l.2|r3422212 < >l- 974». UIUdra 

45 protein 4 homolog (IMP4), mRNA" rill 5S9QQR 1 1 7^1 ' Homo sa P lens U3 snoRNP 

NM_0334 18 . .Hoi 
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gi|15553096|ref)NM_033418.1j[15553096]-2751-NM 0^4^ u 
triphosphatase (nucleoside triphosphate iJSSSrt^ ^P^T SaP - 6nS 
mRNA", gi|3 1657145|ref]NM_033453.2|[3lL6^^H5]^7^2• N^^335^ C ^w Var * ant }' 
myosin regulatory light chain MRLC2 (MRLC2 5 mRN 2 -° 33546 > Homo sa Piei* 

5 ^|29568092|reflNM_033546.2|[2956809^?53-^052940 »R 

protein MGC8974 (MGC8974) mRNA" ril3 1^ W AcS 5 " 10 Sapiens h yP°*etical 

NM_079834 , "Homo sapiens seSetorvca^ ll 5432 ?l re fl NM - 0 52940J|[31543202]; 2754: 
^|17738286|;e^M.079 P 83^ 

glutamyltransferase-like 4 fGGTI^ t™™ 77 ^ M - 080839 > "Homo sapiens gamma- 
10 ^0353751,^8^83^ . ' 

transporting, lysosomal 13kDa, VI subunit G isoform 2- Tatp^vZ apie " S ATPase ' H+ 
mRNA", gi|20357536|reflNM 130463 S35753T97S7 tnm8ori P t Variant *» 

and mulnmerin-domain containing proSn 1 S) ^ ' " H ° m ° emilin 

ff|1^3344M^ „„ . u 

15 open reading frame 147 (Cl4orfl47), mRNA" » riiigS™ 81 ^? Sapiens chroi ttosome 14 

20 member 2", "(KCNC2), iranscript S Xa" ' SWrelated ^arnn* 

gi|24497456MNM_1391362|[24497456]-S62-NM 139170 «tt 

protein AF447587 (LOC146562), mRNA" <ri 2104^* L 52^ ™ m ° Sapiens h yP<*hetical 
NM 139246 , "Homo sapiens PP4^0C^584^ ' 5 ^!^- 139170 -HC21040258]; 2763: 

&|31377600|refINM_139246J|[3137760^;^ ., H 
25 containing 4 (EHD4) mRNA" mh4l 47fiioi aktV * 39265 , "Homo sapiens EH-domain 

"Homo sapiens hypiS^oK 276 * NM.144617 , 

^3 C ;i° H ~ 

gi|3414771 HrefjNM 14506r 2 l3S77m 2770 X fit?* 130 ( C6orfl 30), mRNA", 
and BTB (POZ)' domain oo^"^^^! 458 W • " Hom ° ankyrin repeat 

* ^l?5663% e flNM_145804.1|[21956638];l77^ „ Hom . , 

protein LOC259173 (FLJ36525), transcript variant I-^mI ' Sapi6nS h yP othe ^l 

protein MGC13024 (MGC13024), mRNA" ril227^?ni IS?" 0 S&pienS ^^tical 

^^^^^^^^^ 

protein FLJ30002 (FLJ30002), mRNA" 2l31 5427^S Sapiens hypothetical 

5 NM 152519 • y ' sip 1^42755 ref^NM 152341.2 r3 15427551- T777. 
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■•HoS 280 ° ) i, mt ^ A " tf*WMl«MNM 152647.1|[22749318V 2779- 

and EGF-like repeaf«,ntami»J 3 S mSi? 052753 ' " H ° m ° 008 <tomain 

gt|31377567|refjNM 152753 2lr31377«7i.'SiV x™. 

immunoglobulin domain MESStofa. 1 ?^^ ' " H ° mo sa P iens s «» —ta. 
n«NA», gi|41406085| re f^i' 152754 OT4^Si, ( s <^Ph°rin) 3D (SEMA3D), 

hypothe, i0 al protein FLJ31657 (T^rfsT, S" NM - 152758 ■ "Homo sapiens 

2ES2£?2 proiein oao^S ™- 153045 • Homo •* h - 

»!33356141ieflNM 153045.211333561411- 5tim.k™ 

protein MOC33214 ^QC33214) rnTOA" dlS^ni^i "J?™ Sapiens h >1>°a*neal 
NM_153603 , "Homo sapiens comp^nenVofSiatmSi l f? qM - I 5»5t.2|[34222213]; 2790: 

52T LOC126353 (LOC126353), mRNA" SiS&S SapienS ^^cal 

Protein M^lS^SgfS 1 3£^*SX; 7°™ ^ h ~cal 
NM_173562 , "Homo sapiens chrAm^ ' j ?l|34222229 MNM_173509.2|[342222291- 2796- 

Glu-Ala-Asp) box polypeptide 5 1^0^^ ' " H ° m ° DEAD 

&|37059776|ref|NM_175066.2|[370597^ . 2 S^ ,,„o, 

pyrophosphate synthetase 1-like 1 (PRPS1LD mRNA" ' " H ° m ° Sapiens P h <*Phoribosyl 

^|31343499|reflNM_175886.2|[3134^99] FzfXwl i77o« m 

P S"o? KFZp667B1218 (DKFZ P 667B1218 » mR^» ' H ° m ° S&pienS h yP<*h<*ical 

gi|34222255|reflNM_177966.3|[34222255] ' 
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Table 13. Genes having both an Erra binding motif and a Gabpa binding motif 

5 Coenzyme A dehydrogenase/3 i-k»toacyKi^^ 4ri^T ^ "^"W^ 

(Afunctional protein), beta subunit", -(ffiSSHflN JJ^^**"^ A hydratase 
^K504326|ref|NM_000183.1|[450432o^^ ), 0 ^9 '"Homo 

colon cancer, nonpolyposis type 2 (E. co i) S « La ^ mUtL h ° m0l ° 8 *' 
gi|28559089|ref|NMj)00249 2IC28559089 P4?m3 oho£2X n 
10 aminotransferase (gyrate atrophy fOA^ m!>ie « I ' H ° m ° Sapiens °™thine 

n^NA" gi|4557808^ eflNM°^^^ mitochondrial protein, 

kidney disease 2 (autosomal dominant) (PKD2) mRNA" ' ° m ° Sapi6nS P 0 ^^ 

gi|33286447|reflNM_000297.2][332864471- 6- NM 000347 » H „ 

erythrocytic (includes spherocytosis, chnical t^'Trt^ ° ™ aT^ SpeCt±l > beta > 
15 gi|22507315|ref]NM_000347.3P25073^ \%[ QOot^™™*'- 

cardiac (TNNT2), mRNA" silisovfi^l-flx^ , ' Homo sa P iens troponin T2, 

sapiens * NM.0&03 , "Homo 

^000474 , Homo sapiens twist homolog ! 

20 gi,1797l464|re^ M^^SjS^E? ^tt^ 

H (APOC2), mRNA", gi|32130517|reflNM W04^[32lfo517lTl 0 S^n P ^ P ° Pr0tdn C " 
sapiens cytochrome P450 familv i Ji,fc™i 7 7 17]; 11: NM 000499 , "Homo 

(epidermolysis bullosa simnW n n A n £r MM_000526 , "Homo sapiens keratin 14 
25 ^5431309|re^ '™), mRNA", 

ATP-binding cassette, sub-family B (^^A^-^'^T° tans P orter l > 

gi|24797159|refINM_000593.4|[24797159]- 14 NM OOOfiO^^ ■ 

30 8i|24430214,^ 

d *£t>T thaSe 1 (ALAS 1), transcript variant 1 ^n^ A ' H ° m ° Sapi6ns amin ^vulinate, 
8i|40316942|reflNM_000688.4|[403169421 17 -NM 000747 

receptor, nicotinic, beta polypeptide 1 (muse eV'TcSn' ™? f^" 8 choline ^ 
gi|41327725|ref]NM 00074^41327^5? 8- l^S ^ ' 
35 family 1 1, subfamily A, polypeptide ^lU^wfi' ^ ^S^™ P450, 
protein, mRNA", gi|4503 1 88|reflNM 00078 1 1^4503 1881 1 Q-S Zt 8 mitoc h°ndrial 
gamma-aminobutyric acid fGARA^ a II ,! f ]l 19: ^-000806 , "Homo sapiens 

ammobutyric acid (GABA) A receptor, beta 2 fGABRR9V' »^ ■ Sapi ® nS gamma " 
40 ^|4503864|reflNM_000813.1| [ 4503864]; 21 NM^o1 3 5 '^"P 1 varia f 2 » "*NA", 

lonotropic, N-methyl D-aspartate 2C (gWcSa ' Sapi6nS 8 lutamate r ^eptor, 

(neurophysin I) (OXT) mRNA" fnHo-m-j^JZ is^J -J? 1 Homo sa P ien s oxytocin, prepro- 
"Homo sapiens phosphoh^aTe C ^lV^^v^\ 5 ^ 127V7S7 ^ 23: NM 000932 , 
45 g|11386138 M V0009 P 3TlDm6 ^ 

bmchng globulin (SHBG), mRNA", ^45^^ \ 
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cation channel 1, neuronal (degenerin) flc^" • W *■ ? ° m ° SapienS ^^de-sensitive 
S*|34452696| re ^ 

5 prostate (ACPP), mRNA", gi|63 82063 |ref]NM 001099 21 ^ 1820*? FiFEE*!?* phosphatase » 
sapiens actinin, alpha 3 (ACTN3) mRNA» rilS^^^ 28: 104 , "Homo 

NM0011S8 . "Homo sapiens ^^^^^^SfStST^*-^ 1 1 9*- 1 lt«^»«)SI; 29: 
Wcript variant I, mRNA", gi|68^ (AOC2),", 
"Homo sapiens amyloid beta (A4) nwnJnrw^- u- ? • 2|C ° 80 f 880 l: 30: NM_001 164 , 
10 (APBB1), transcript variant Tl ^S?^££SS^SS nni ^' member 1 " 

NM 001188 , "Homo ^^i^^^^ 16 ^^^ 31: 
gi|33457353|ref]NM 001 188 2|r334573?^ kAI nnff^l^ mRNA ' 

epithelial membrane protein 37eMP3) SI -i^w-S 01425 ' " Homo sa P ie ™ 
NM.001501 , "Homo sapiens SS^Sif 1 u 562 ' ref l NM - 0 °1425.1|[4503562]; 35: 
J.". -RNA, gi|4S04<K6^ £™J> transcript vacant 

immunoglobulin superfamily, member 3 (IGSF3V S» " ' H ° m ° Sapiens 

factor 5 (ARF5), mRNA", gi&95999lrefl^ 8oT^ t&JSS? Sapi6nS ^ribosylation 
sapiens Rho GTPase «oli^^S^^if^ ,[ S?f? fl; 38: ^-001666 , "Homo 
gi|41327157MNM^^ . 
angiogenesis inhibitor 1 (BAH), mRNA" ail4*SS^S?/ n?? m ° Sapiens br ain-specific 

25 NM.001722 . "Homo sapiens poryrnemse S52S?Sm^=- W1 ^ 1|C4502354 3; 40: 

(POLR3D),", mRNA, gi|4502436MNM mi^^ J^l^Z^ D ' ^ 
sapiens creatine kinase, brain(CKB) mRNA" ^aK^u^II^ NM - 001823 ' " Homo 
NM_001859 , "Homo sapiens ^^^K 3 ^ 1, ^- W18 »-3IP«35231]; 42: 
(SLC3 1 Al),", mRNA riWs44«u3S5J 252iJ , ( ° Pper ^P^ers), member 1 

30 sapiens cytocn^^^ 

(CRYBB1), mRNA", gi|21536279|ref^^ CryStallin > beta fi l 

sapiens casein kinase 1, delta (cWlD) tanlS- 3,[21536279 ^ 45: NM 001893 , "Homo 
*l 2 °S44143|re^^ . 
35 a pha 1 polypeptide (CSNK2A1), transcrip wKSa? S3pienS CaSein ldnase 2 > 
gi|29570794|ref]NM_001895.2|[2957079^ J^Kr' MiS?**? 

DNA binding protein 1, 127kDa (P^^^^^'^SS!^ dama g e -«Pecific 
48: NM_001958 , "Homo sapiens euk^oti^ 
«0 SfT' ^ 2545347 °MNM_00195l SSS^-IS^S^ 1 alpha2 .( E EFlA2), 
uS^f OWth faCt0r 9 Activating factor) S G F9) Wiff? ° ' H ° m ° Sapi6nS 
gi|4503706|reflNM_002010.1|[45037061; 50- NM 0020 ' ■ ^ 
gene (FHIT), mRNA", gi|4503718|reflNM 5 71 ^ xg^ &agile histidine 
sapiens glutathione peroxidase 2 (gasStestinal^ ^mS? ^S,?. 1 N^ 0020 ** , "Homo 

(transmembrane protease, serine 1) fflPW V™t. ■ 7 • H ° m ° Sapiens he P sin 

giK504480^_002151.1 1 ,[4 5 0 ) 4^ fc 

imvi_uu2 1 57 , Homo sapiens heat shock 1 OkDa 
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St>2^ 

8i|9257224 M NM_0021 P 93.; im^Ts^mi^Vol^^ a * NA "- 
inhibitor, H3 polypeptide (TTIH3), rnRNA" ril SrSSa. 'JJT^T 6118 P^Pha (globulin) 
NM.002238 . "Homo sapiens p^^^^^T^'^ 1 ^ 1009257 ^ 56: 
member", "1 (KCNH1), rranscript S 2 Xa« ' H ( ea g" relat ^ 

gl27436999lrefT7MlU nnnMoir^^^::'^ ' 




NM_002280 , W^^^™^^^50«7»«]; 58:' 

81U543 13 13|ref]NM_002280.3|[1543 3 13]- 5 1 NM oSJ^^ A ' 

associated tyrosine kinase (MATK), transcript vS « L aT SEpiens 1IB «90axy O cyto. 

&|21450841|r e fJNM_002378.2|[21450841] ^60^002419^ * • 

protein kinase kinase kinase 1 1 (MAP3K1 1\ m S- ' ° Sapiens ™togen-activated 

8i|21735553|reflNM_002419.2|[21735553^ \^ 602437 "Homo, ■ w« 

murine homolog, glomerulosclerosis (MPV17) S ' P16nS MpV17 ^S^e, 

8i|3705978lMNM_0024373|[37059781]- 62 : N^02492 » W 

(PCDH8), transcript variant 1 mRNA" J\6k^un^^ SST Sapiens P«»tocadherin 8 

(pepsinogen C) (PGC) mRNA" .ril«n«« Z^T,' H omo sapiens progastricsin 
"Homo sapiens prolefc ry^ 67: NM 002831 , 

1. « 8i!34 P 32890ot™oT8& 

protein tyrosine phosphatase, non-receptor [yp ? SW 7 V^~ 2 2 ' " HOm ° SapienS 
»|18375657|reflNM_002832.2|[18375l57]^9 "nmISV £ nSCnpt variant L «*NA». 
protein (RDBP), mRNA", gi|20631983|ref^' ^mSSooSS? TSr^*^ WndinS 
sapiens REV3-like, catalytic subunit of DNA nol^PrTc ? ? 1983]; 70: NM 002912 , "Homo 
gi 4506482|reflNM_002912.1|[450^482]; It ' 
CAAX 2 (RTT2) mRNA", gi|4506532|reflNM ^™ JSSK RaS ~ like "M*"* 

sapiens ring finger protein 4 %F4) mR^ 

NM 002965 , "Homo sanien* Sinn 2 • i.' ? 34305289 l ref lNM_002938.2|[343052891- 73- 

NM 003042 , "Homo satfe^otaScartf S^ , ,M NM -°03002.1|[4506864]; 75: 
"member 1 (SLC6A1) ^^Z^^^ mtnmmMer """sporter, OABA) » 

"Homo sapiL solutSt^^tSS^T 925 ^ NM - 003 ^ , 

actey glucosamine pyrophosphorylase (UAP1) mSjA^ ' HOm ° Sap,enS UDP - N - 

p|34M7515|reflNM_003 U5.3|[341475151^-N^Mi, , ,„ ,,„ 

*--«-003 21 o^^ 
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NmSbST' IS? 3 (TGFB3) ; mRNA "' ^SOV^MNM 0O3239.1|[45O7464V 81- 

enzyme El (A1S9T and BN75 temperature "sensUi^ - Homo sapiens ubiquitin-activating 
variant 1, mRNA", ^5m37^^iS^^m^^ (UBE1) ' tam «* t 
sapiens ubiquitin-co n ugating enzyTe U32E ; f^P4/A ? 84= N^- 003341 . "Homo 
variant 1, mRNA", J&35t££g^ transcript 
^^-^^ ani °" ch ^ 1 ^^ACnSll' 85: N™- 0033 ? 4 . "Homo 
gi|4507878 reflNM_003374.1|[45078781- 86- NM 00341R w« • . 

(a cellular retroviral nucleic acid bind Zg, SS{ ™Z° A S " PienS *» pr ° tein 9 
gi|4827070|reflNM_003418.1|[482707ot ST^OoSm ' S 1 ■ „ 
reading frame 12 (CXorfl2) mRNA" riulfurnm J™7 ° sa P lens chromosome X open 

15 , "Homo sapiens histone 1, H2bh^H\s^H2B^ mM^A" 1 1[4504738]; 88: NM 003524 

f|21166386|reflNM_003524.2|[21166386];897]^3549 • 
hyaluronoglucosaminidase 3 CRY at *\ JC, iT« ' Homo sa P ien s 

20 rranscnpton termination factor, RNA polymerase D (TITO ^sSl* ' m ° Sap,CTS 
g.|40807470|refINM_003594.3 [40807470V^S "S^ " . 

M SJ^^XTr^^SSS; 1 ™ 23L 93 ' 

25 kinase 16 (STK16) mRNA" aM^H^ ^ESSSS 1 ' Homo sa P iens serine/threonine 

sapiens barrier to « 95: NM 003860 . "Homo 

©11 1038645|reflNM_003860.2|[l 1038645V 9fr NM S' 

kinase 29 (STK29), mRNA", S^OHe^N^S 
*n S3pienS ^chrome c oxidase subunit W^COXtt Si V 1 NM_004074 , 

30 gi|4758043|reflNM_004074.1|[4758043]- 98* NM 00407R ^ ' • 

rich protein 1 (CSRPl), mRNA" t^SRa^k^^^J^ Sapiens c y steine and Slycine- 

like 4 (RECQL4), mRNA", gi|475^^b^^^jj^^^ RecQ Protein- 
sapiens carbohydrate (N-«^^^Sro??f^ IC t 5902 ^ ; 103: NM -004267 , "Homo 
8i|27369496|reWj04267 2S ( CHS ^"> »*NA. 

translational release factor 1 (MTRF1) nuclear «m5"S^^ * Hom ° sapiens mito chondrial 
gi|34577119|reflNM_004294:2|[34?77n9fl^ 

protein, 2 (CETN2), mRNA", gi|4757901te^ ivwW ^i;«£5? Sapi6nS Centrin > EF " ha ad 
"Homo sapiens cell division ^ ^^^^^^ 7S ^° 1 } 1 NM ~ 004 ^ . 
gill 1641416|reflNM_004358.2 y |[l 1^41^?^^^ mRNA "> 
oxidase subunit Vic (COX6C), mRNA" 2 1 7Q00«iT ^ H ° m ° Sapiens cytochrome c 

*. o W , m«jNA , gi|1799953 l|ref]NM_004374.2|[l 799953 1J; 108: 
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binding protein 2, 13kDa (FKBP2) 42S 1 p^° 0447 ° ' H ° mo sa P iens FK5 <>6 
gi|17149841 M NM_0044Vo.2| [ 1714^^ 004528 "H" 

glutathione S-transferase 3 (MGST3) mRNA" aW^ES* &pienS micr °somal 

NM_004550 , "Homo sapiens NADH SroaSS ° v 40 re ^-°°4528.2|[22035640]; 111: 
"(NADH-coenzyme Q reductase^WS^Sl^ UblqUmone ) Fe " S P"*** 2, 49kDa», 
gi|34147556|ref]NM_004550.3|[34l47556V ll^NM mama ..tx 

(placental) (STX4A^ mRNA", gi|341 47603 keflmA^nnA^nAt tr^? m ° Sapiens s ^taxin4A 
Homo sapiens BRCA1 associifd protean i £ T 1 34M7603]; 113: NM_004656 , 
mRNA", 8«1"18752 WN^^ hydrolase), "(BAP1), 

mitogen-activated protein kinase kinase kinase 6 * ' H ° m ° sapiens 
^|24497521|refI^_ 0 (M672.2|[24497521] H Im^SU' * anscn Pt variant 1, mRNA", 
nucleolar interacting protein 2 (mU3TB 4V mPMA^^ fL 4 » H ° m ° sa P iens U3 small 
116: NM.004870 , "Homo ^,^^^^^^^^^^1543556}; 
gi|4759109|reflNM_004870. Iff47»^ ^S^S^^ 1 
open reading frame 7 (C16orf7) mRNA" <ri 47sS^i ml', ™° Sapiens chr omosome 16 

subfamily 5, group A, member 1 fNR5A n Irxu» 1' 0m ° sa P iens nuclear receptor 
121: NM_004987 , "Hom^ien^l^2d^ ' f 124432033 MNM_004959.3|[244320331- 
^^gi|13518625|re^M^^^ 

metalloproteinase 9 (gelaiinase B, 92kDa ^^S*^^ 04 ^ ' " H ° mo sa P iens ™«x 
mRNA", 8iK826835MlNMJ^^ (MMP9), . 

dehydrogenase (ubiquinone) Fe-S prote n 1 75kD a " "Mat^ ' H ° m ° Sapiens NADH 
KttS«!J» encodmg'mitochondrS ^S^S^ Q 
gi|33519474|ref]NM_005006.5|[33519474]; 124: NM 005023^£n™ • 
geranylgeranyltransferase type I beta subunit rPrrxTm ,? rU? 0 ™ Sapiens P rotein 

phosphoinositide-3-ldTiaQP r*^^ tT . *njyl_uu:>U27 , "Homo sapiens 

protease 8 (USPS), mRNA", gi|41281375|ref|NM ^^^A^iT^SS^ Sp6Cific 
"Homo sapiens angiotensin H receptor-like 1 ^AOTR r i ^ dxt a « 129: NM-00S161 , 

anhydraseVn(CAT) mRNA" ei I4RR^ i nni 8 ' Homo sapiens carbonic 

^A1^C2£K?S&& "SI* 85100 * I31: NM - 005186 • 

deoxyribonuoleaae I (DKASE1), mRNA" rift li£ Mil ? iS-' l H ° m ° sa >> iens 
NMJW5260 , "Homo sapienrio^kShl,- f 3 ^™-°° 522 3-2|f21361253]; 13 3: 
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"Homo sapiens G protein-coupled receptor 12 (GPR12) mRNA" 

gi|4885294|ref]NM 005288.1|[4885294]- 136- NM 00«Stw,« - • n 

receptor 37 (endothelin receptor type B^'S S" ^ ° P rotem - cou P led 

gi31377788|ref|NM 005302.2|[3 13777881- 137- NM nnSn? «« 

(PLXNB3), mW., *|108clo8o£K^ 

saprens protein phosphatase 1, regulatory (Inhibitor) Lbunit 3C ffPPl'^7» IImI 
10 jp|4247616t|ref|NM 005398.3|[4247616lV 141 NM nnSia Z PP1R3 9> • mRNA - 

tomorigenicny 5 (ST5), tnurscript ^22t S I - WS4 " ' H ° m ° MpM ° S SU PP ressio » ° f 
gi|212646111reflNM 00541 8.2|[2 126461 IV 142- "NTM now* »tr 

P^ei„297(ZNF297), rt^ffl^^i^^J^^ 7J 
m ? berC3 ;(D FC«_ ^^M^oK^^,^^^^ 

25 membrane protein 3~(SCAMP3), ^'SS. H ° m ° **~ — ^» «™ 

g.|16445418|rellNM_005698.2|[16445418bl51 ^ 0057iTh • 

protein signalling 19 interacting protein 1 ' w ^ P '? S ^S" 1 " 01 ° f O" 

gi|42544147|rerlNM 003716%^Sh71- N^OOS^S Va^a,,, ' ""S^"' 

30 

C (CFnvU.), merger 4 mP^X ^ ATP * nd »« 

gi|34452699reflNM_005845.2|[344526991- 155- NM 005Sfin»H™,„ ■ , „■ . . 

35 N S1ot9 g 09 y0 T ttin) W ™ X™ W •oolraiT^IS" 1 ^ 3 

,o 

(PROMl), mR N A»,- gi |5174386|reS 0W017.^iS| \^ 'ZIS^ ' 
NM 006! 14 , Homo saprens transloeaae of outer mitochondrial membrane 1 hoSg (yeaat) 
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5 protein 1 (PCBPI), mRNA", g 114141 164lreflNM w. i,?^, MpWns P 0 ' 5 ^ bindin « 
"Homo sapiens phosphomestemseeHS^ 

£NOQ,mRNA" .gi|11079650MNMM6^iiSa] 

sapiens prophet of Pitl Daired-KVp hnr^A • iu^/^uj, ioy. JNM_006261 , "Homo 

10 gi|40254 P 83S|re w!oS^2^r^T^ mRNA "' 

^^rtlf 53232WNl^^SlwS^^ 0063 m 6 O 5X nStalin 1 ^ 
transcriptional activator of the c-fos promoter rCRO™ ' H ° m ° Sapiens 

&|5453624|refINM_006365.1|[5453624 M?. mf^£*% ' 

element binding protein 3 (CREB3) mRNA" S« 7 ' If pienS cAMP responsive 
15 NM 006399 . "Homo sapiens balicS^nn^nf ^ f l N ? 1 - 006 368.4|[38327637] ; 173: 

development regulator oKd£ iS" ^ 36^^°^ f^ 8 interf ^n-related 

NM_006813 , "Homo sapiens prolmerichnnVfi ? 5 MP™-0<>6764.2|[21361365]; 178: 
^ gi|5802981|reflNM_0068 P 13 1 J^?!^ 1 ^ 0 "?^ 1 < PNRC1 )> 
25 family 38, member 3 (SLC38A3) mRNA" rill^^ IaST* Sapi6nS S ° lute carrier 

NM_006876 , "Homo sapie^P^N^ 180: 

6", "(B3GNT6), mRNA", gi|5802983^refTC^ 00^76^^^ 

sapiens retinoid Xwcqn^U^G^^^ K 8Q2983]; 181:NM - 006 ^7, Hcno 
&|21361386|ref^_006917 2|[2136n8ff hlS^Sf 006921 "u 
30 derived factor 2 (SDF2), mRNA" »il 4 4 1 ilSt 2Jn5 °S ! ?° mo sa P lens strom al cell- 

. "Homo sapiensUtrm^nonS l^SSSra^iSi 1 . 411 ^ ^ NM -°° 6946 
0|59O2121|reflNM_OO6946.1|[59O212l? TsTnm oS "^ ' • 
class homeoprotein 1 (CART ) mRNA' ' ^QmoT?i 2Si ?° mo sa P lens ^rtilage paired- 
NM_006998 , "Homo sapi^s secXoafc 0 h 1 f n 1 7l r ^-006982.1|[5901917]; 185: 
>5 gi|15055536|reflNM_006 P 99T2 vSggfc S« ^moT™ (SCGN) ' 

189: NM 007149 B , • • J ~ ^-007076 , , reflNM 007076.2ir427946191- 

and WD-40 domain pmte n 2 ffBXWJ) n^A^iwS^-^ 64 ' Homo M P iras F -b°* 
NM_012168 , "Homo «i™F.lSSfSWr 012IM * 5 « , ««» >»: 

g.|15812 1 97|ref|NM_012 1 68.2|tl581219 y 7nS:^S ) ;™^ m „ • 

iW1 - u ^li>l , Homo sapiens putative tumor 
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^pressor 0FUS2),inRNA«, gij6912379|reflNM_012191.1|[6912379]; 195: NM 012204 
Homo sapiens general transcription factor HIC, polypeptide 4 90kDa fGTF3C4V- i' a 
gi|6912399ref|NM 012204.1|[6912399V 196* NM 0122R? »Hn™« • V' '. mRN ^' 

■Sf, ?^ Ubf ^ ly H ^« me m ™|^3^ S P ° taSSlUm 1 ^ 
gi|6912445 refpSM_012285.1|[69124451; 197- NM 012311 ^^Tcfl • ' ™ • . 
determinant of recA protein homolog (mouse) ffi » rn^NA P ^ 31111861110 

gi|40068516|reflNM 01231 1.2|[40068516]> 198' NM 012430 "W*™ ■ or,™ . 
trafficking protein-like 2 (S. cerevisiae) (SEC2^-n^A ' ^ ^ ~*» 

Homo sapiens nuclear RNase III Drosha (KNASE3Q mRNA" NM _01323S , 

gi|21359821|ref|NM 013235.2I[21359821V 203- NM mwii T ™„ 
mRNA", giK1350200|teflNM 013333^[4135020OV^O4^NM > On^TT ' 

™-° A 44 ■ Homo sapiens Down syndrome critical region gene 1-like 2 (nmuvT 
mRNA" gi|38455419|reflNM_013441.2|[38455419]; 2<M?NM M4099 (DSCR1L2 >' 
r^NM_0 l4099.1|[7662610], This record was temporarily Zoved by RefSeq staff for 
additional review., , 210: NM_014124 , , refJNM 014124 1|[76625411 Th s record was 
temporarily removed by RefSeq staff for additional review 21 1 NM MlS^SZl ■ 
chromosome 6 open reading frame 66 (C6orf66) „rf^ ~ ' Homo sa P iens 

gi|7661785|ref|NM_014165.1|[7661785]:212:NM 014236 "Womn.^ i . , 

srssfs (GNPA1% mRNA " ^"^S , .«3TriK&^ M ^ te 

POM121 membrane glycoprotein-like 1 (rat) (POM121Ln mRNA" P 
gi|7657468|ref|NM_014348.1|[7657468] 216- NM 014453^™*, i ♦ * u 

221-NM W^TtT ""T^ remOT «> ^ **S«I «afffor 
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nucleotide exchange factor (GEF) 17 (ARHGEF17), mRNA" 

g.|7662415| re flNM_014907.1|[7S624151- xn^MOismS^ ' • 

homolog (Xenopus laevis) (DULLARD) -mRNA- ri^w?T5i SS C ° m ° Sapiens dullard 
230: NM 01S3C , . reflNlsUs^S 

hypothetical protein HSN44A4A (HSN44A4A) SrNA" ~ ' Homo sa P iens 

related 3 (PVRL3), mRNA" rill nV^OR^ffflJS? ?r ° m ° Sapiens P°Kovirus receptor- 
ref]NM 015623^3^306520] ^SSS^" ^S' 11113861 ^ 233: ^JH*^, 
additional review , 23*NM 'oi5710 °'HoZ rem0Ved by RefSe <l staff ** 

protein (CGI-38), mRNA", ri|7706275fc e ffl^ ni5o£ mS™^? 0 ,™ SapienS brain s P ecifi c 
sapiens chromosome 20 o^'^S^^ 1 ' 17 ^^ 237: NM 016004 , "Homo 

gi|7705768|reflNM_016004.1|[770 5 76^^^^^ . 

ribosomal protein S18C fl^RPSlftn Ztf NM - 0 } 6067 > Homo sapiens mitochondrial 

^705629^^0^ protein, mRNA", 

subumt assodated protein HCDKSRAPn J .? Homo sapiens CDK5 regulatory 

motif protein 7 (RBM7) mRNA" riRlSi'^i iS^S* Homo sapiens RNA binding 

, "Homo sapiens bridgig^if ^ Bm^S^- 01609a2|C31543547]; 241: NMJ)l!l87 
gi|7705295|reflNM_016187.1|[7705295]-242 NM 016710 v 

(LOC51 161), mRNA", gi|3 1543080^ [ oJSw ^llS^m^T^ 0 ^^ 
sapiens nemo like kinase ^LK) mRNA" MznEm 3S?S J i? : NM - 016231 . "Homo 
NM_016324 , "Homo ^ri^S^^^^^ 0 ^ 1 ^?^!]; 244: 
mRNA", ri|19743797|reflNM_016324 g 2|[ W4 3 "97] S^^fC™ 
inositol 1-phosphate synthase Al (ISYNAl) mRNA" NM - 016368 ' Homo sa P*ns myo- 

,gi|21902536|refINM_016368J|[21902536];246^NM '017582 "Homo, ■ u- • . 
conjugating enzyme E2Q (putative) (UBE2Q) mRNA" ' " pWM ubic l uitin - 

&|38045949|ref]NM_017582.5|[380459491-247^ [ o'l7704 »u • „ 

inducing factor (FGIF), mRNA" jrikl350i07h*^ ' Homo sa P*ens fetal globin- 

protein FLJ20406 (FLJ20406) mRNA" «ril«««™ Jl, ' n H ° m ° Sapiens h yP°*etical 
v. jwjo), mKJNA , gi|8923377|reflNM_017806.1|[8923377]; 252: 
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20 mRNA", gi|30410719|reW 01 8261 2^3 041 071 on- ( ™? L1)> tanuo * t v ™ 1. 

like 1 (S. cerevisiae) (SEC5U) , mRNA" ^(Sm,f^-n°. 18303 ' " H ° mo SBC5- 
NM.018327 , "Homo sapiens cCmosomf S 1133|r ? f l N ¥- 0183 03.4|[30581133] ; 266: 
gi|8922874|refINM Om^^^S^S^S^ 38 ( C2 0orG8), mRNA", 

^ (DOK5), transcript variant 1 mRNA' IdfiS^ JES 'Z° m ° S3pienS dockin g 5 

25 NM_018459 , , ref]NM 0184^8922^031 P 4 3 5|refp ? I - 01843 l-2|[29544725]; 268: 

history for details. , 269: NM 01846 f r6COrd 1 was re P^ced or removed. See revision 

(C9o r f 46 ), mRNA"' gi|8923^e^ 0^3^^ ° Pm frame «« 

sapiens solute carrier family 22 or^nic~anioSn Z 93111 27 ? 1 NM -018484 , "Homo 
mRNA", gi|24497483|refimi 01^21^^ "» (SLC22A11), 

30 calc um/calmodulin-dependenl protein ^i f^^cT^i ' " H ° m ° sa P iens 
gi|31324542|reflNM 018584 4|[3 132454^^^^ mRNA "' 

binding protein 1 (SH3BP1), mRNA" ailMi Aw^i^JS Z»« mo sapiens SH3 -domain 

gi|19923496|ref1NM 0 1 9063. 2|[1 9923496 i h^S^^S,?^ 4 (EML4) ' mRNA "» 
protein from EUROIMAGE ^tmaScSkS^^! 0 * ^ SapienS ^hetical 
gi|24308184|reflNM 020170 ■ 

(DC13), mRNA", ^(SS^MOl^W^ 8 ^?° m ° SapienS DC13 P r <*™ 
sapiens PR domain containing 10 ttRDMim - 280: ^-020228 , "Homo 

gi|41349457,re^M_020228.!,^?4^5^ , , 

j, .inivx_uzu418, Homo sapiens poly(rC) binding 
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(NEUROG3), mRNA", gi|10337610^e^M m^m^k^S/^ neUro § enin 3 
sapiens histone 1, H3f (HIST1H3F) mRNA" lm ^J^ l^}''^ ^J* 210 ™ . "Homo 
NM_021025 ."Homo sapiens T-ce ^^^^^^^^1^5: 
ff|10440563|ref|NM_021025.1|[10440563] X ^OllL?^'^^' 
(HIST1H2BB), mRNA", gi| 199243 03 |re^ M^ari^^^ ?*J5 ffibb 

SnaT« 

2»t^^ 

sapiens blepharophimosis, epicanmus iave^u^ ™* 11 • 5 : NM- 021 ^ , "Homo 
gi|11141882|refllL_021812 P :i^ ^ WESCl), mRNA", 

external ophthalmoplegia 1 (PEOl) mRNA" ^3979^? sa P iens Passive 

NM_021833 , "Homo fapiens ^^U^V^^r^f 303 ^ 9 ^^ 294: 
"nuclear gene encoding mitochondrial ^ ^ (UCP1) '"' 

f|21614550|refINM_021833J|[21614550];29?NM 021926 "Ho™ • • , 
homeobox 4 (ALX4) mRNA" rill uaoif 6 ' Homo sa P»ens aristaless-like 

"Homo sapiens h Aet^oS 'in SS^^T^? i"?^' 29 * ™ 021934 , 
malformation (ectrodactyly) type 3 (SHFM3} mRNA » ' ° S3pienS Spht hand /f°ot 

channel, subfamily K, member 13 (KCNK13) mRNA' ' Homo sa P ,ens Potassium 

Sr^fS > " H -o sapiens ring finger 

"Homo sapiens chrol^ S^^^ 758 |!Sl ; 3 °° : ™-° 2 ™ 2 > 
©|31542262|reflNM_022082.2|[31542262vfoi NM IqSixT^^' 
containing 16 (PRDM16), transcript variam 1 mRNA" ' Sapi6nS ?R d ° ma * 

^^S^^^ 1 ^^^^ • "Homo sapiens 3-oxoacid CoA 
"Home > sapie^eS 303: NM 022B5 , 

gi|22209003|reflNM_022135.2|[22209003]; 304: NM 022^ 4 mn Q • 
associated 1 (SPATA1), mRNA", rill 1641 [266k e ^ fSllil i5?JS f plenS ^emiatogenesis 
, "Homo sapiens fibrosin 1 (j^l^iS^^^^^ 1 ]^}^ 305: ^-022452 
NM_022494 , "Homo sapiens zh* , W Dm ' "^r 0224 ®- 1 t"9679gq ; 306: 

fragments locus 9C (HTF9C), transcript variant : 2 mRNA" ' ^ HpaD 

sapiens NEDD9 interacting t)rot n J C , 5158]; 309: ^-022765 , Homo 
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ceramide kinase (CERK), transcript variant 1, mRNA" 

gi|32967301|re^_022766.4|[32967301]; 311: NM 023933 , "Homo sapiens hypothetical 

< S?^ 03 !' H ° m ° Sapiens ganglioside-induced differentiation-associated protein 1-like 1 
5 (GDAP1L1), mRNA", gi|30581 159|reflNM_024034.3|[30581159]; 3 13:NM 02?057 "Homo 
S^??^ 7 (Nu P 37) mRNA", gl|34222120|nW:O24OS7iSS^^ 
^?o i ?, 4 , ' J?° m ° SapienS h yP othe tical protein MGC4614 (MGC4614), mRNA" 
gi!13236513|ref]NM_024294.1|[13236513]; 315: NM 024323 "Homo sapien^o'thetical 
10 C ei n^ C1 ,!?l(MGC11271) > mRNA" 5 gi|31543T47MNM m^^iSSS?^ 
10 NM_024506 , "Homo sapiens galactosidase, beta 1-like (GLBILT mRNA" 

gr|40255042|reflNM 024506.3|[40255042]; 317: NM 024523 , "Homo sapiens GRIP andcoiied- 

™ Z™?6°T mnS 1 ^ mRNA "' ^l 343 ^54MNM_024523l|[34305^4"318 
NM_024546 , Homo sapiens chromosome 13 open reading frame 7 CC13orfT> mRNA" 

? |21362045|ref]NM_024546.2|[21362045]; 319: NM 024589 ^Homo sapS Stopper 

NM_024604 , Homo sapiens hypothetical protein FLJ21908 (FLJ2 19081 mRNA" 
m*„ Z i ^MNM.024604. 1 J [ 13 3 75808 ] ; "32!: NMJ.24624 , 1^|2Sk» strnctural 
maintenance of chromosomes 6~like 1 (yeast), "(SMC6L1) mRNA" «™m™ 
20 ggi54 3 . 64 «l tef l NM - 02 «24.2|[31543o46]; 322: NM 024630 , "Homo sapiens zinc finger 

«f NmT^T^Z^T' 4 '' S i l M "1240^flNM_ P 024630.2|^1240 ]; 
^zj . jnivl_u^404J , Homo sapiens chromosome 14 open reading frame 1 40 (C 1 4nrfl \ac\\ 

mRNA", .gi|133758g2MNM_024643.1|[13375882]; 324rN^ ?2^6 ^omotaSe^ 
hypothetical protein FU23058 (FLJ23038), mRNA ~ nomo sapiens 

gi|13375978|reflNM_024696,l|[13375978]; 325: NM 024728 , "Homo sapiens chromosome 7 

protein 127 mR*^ ^pa^^S^^^SSffS™ 

•Homo sapiens hypothetical protein FLJ23598 (FLJ23598) mRNA" ««L.im* /»3 , 

30 gi|31657118|reflNM_024783.2|[31657118];329:NM 024799 "Homo saniens hvnntWal 

CtS^H < M3224 \« Jl^m^^^^ST 1 

NM 024827 , Homo sapiens histone deacetylase 1 1 (HDAC1 tt mRNA" 
gi|13376227|ref]NM_024827.1|[13376227]; 331: NM 024958 , "Homo sapiens chromosome 20 

35 ^ 02507? T 98 (C2 ° 0r ? 8) ' mRNA "' g i ll 33 76446|reflNM_024958" ^337^^32: 
35 NM_025079, 'Homo sapiens hypothetical protein FLJ23231 (FIJ2323r, mRNA" 

gi|13376631|reflNM_025079.1|[13376631]; 333: NM 0^T37^^2itatoifl^ 

CSSS^ (FU21439 ) V m ? NA "' gi| 3 3636747Fre fl NM_625137.2 BS^SS - 
NM_025140, Homo sapiens limkain beta 2 (FLJ22471) mRNA" 

W foSS™^^ 335: NM -025212 . "Homo sapiens CXXC finger 4 

(CXXC4), mRNA", gi|13376815|reflNM_025212.1|[13376815]; 336: NM 025236 , "Homo 
sapiens ring finger protein 39 (RNF39), transcript variant 1, mRNA" " 
g^25777714|reflNM_025236.2|[25777714]; 337: NM_030804 , , refjNM 030804.1l[1354059n 
This record was temporarily removed by RefSeq staff for additional review., , 338: NM 030818 

.5 ^73^ ~ 0818 

proteinMGC12904^GC1290 [ 4),mR^AV™^^^ 



-373- 



WO 2005/003766 



PCT/US2004/019017 



NM 03 1284 , "Homo sapiens ATP-dependent glucokinase (ADP-GIO mRNA" 

^"^SS^I 284310 1M2508]; 34h NM- 03 1298 • " H °™ £££ hypothetical 
ES 2 ? (MGC2963), mRNA", gi|13775219|n#M_031298 J|[137752S?3«- 
NM 03 1450 , Homo sapiens hypothetical protein p5326 (P5326) mRNA" ' 
5 gi|31543378|ref^M_031450.2|[31543378]; 343: NM 032179 , "HoWsapiens hypothetical 
SEFESS 0 ^ (FLJ20542 )' mRNA "> giU4149862^eflNM 6 3 2179.1 [HH9862V 34^ 
^J^ 0 , 4 , ' ST Sapi6nS ASai C ° mplex Subun * P10 ° (ASClplOO), mRNA" 
gi|34147616|ref^ 032204.3|[34147616]; 345: NM_032209 . "Homo sapSxypothetical 

10 K e 032338 'h CMlTm mRK*:. gi|14149905|refINM_032209.1| [ l P 4149905^ 346: 
10 ^-032338 , Homo sapiens hypothetical protein MGC14817 (MGC14817) mRNA" 

gi|315431M|reflNM_032338.2|[31543151]; 347: NM 032348 , "Homo sapiens^wottietical 
CSSS T ?H (MGC304 » A "» g i|3972565T M NM;032348.2| [ 39^ Isofl]^: 

T^tll^T Sapien t S ATPaS f ' H+ «™^> *~ 13 ^> VUuSisoform 
IsVVM 1I47I?' ^o SCnP I f NA "' g i l 203 57536|reflNM_130463.2|[20357536]; 

mJJSSt-J.. I ' m ° Sapiens h yP othe ticaI protein AY099 107 (LOC152185S mRNA" 

20 S ^^^-^ 718 ^?K 3; 352: NM - 145804 • " Homo 5*- 

ana BIB (POZ) domain containing 2 (ABTB2) mRNA" 

^ |2 / 95 Sl 8 l r ^ M - 145804J|C21956638 ^ 353: ^ 153045 , "Homo sapiens DKFZp547P234 

c;S¥ 7P234) ^ A " #335614 ^ 

■^r™ : ■ ' Homo sa P iens hypothetical protein MGC33214 (MGC33214} mRNA" 
gi|34222213|reflNM_153354.2|[34222213], , n«tuwwi4j ( niRNA , 
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